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At any altitude, the sleek Grumman F9F-6 
Cougar operates at peak efficiency whether 


“standing on its tail” or flying on its back. 


The turbine control needed to properly 

meter the fuel to the Cougar’s powerful Pratt 
and Whitney J-48 Jet Engine at any attitude or 
altitude was designed, engineered, and 


manufactured by Holley. 
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Direct-drive, hydraulic drive, or accessory turbine drive—a 
G-E designed a-c generator system can be used with all three. 


The “‘power-package” shown at the top of this page can 
be teamed with a G-E accessory turbine drive to simplify high 
density aircraft design, improve aircraft performance. It can be 
used with hydraulic drives if specifications do not allow remot« 
ducting. For variable frequency or non-parallel applications, 
the alternator can be geared directly to the engine. For 
flexibility, consider: 


@ G-E alternators are now available in ratings from 15 to 90 
kva, for either 40°C or 80°C ambients. 


@G-E static voltage regulators can be installed anywhere, 
come in either narrow- or wide-speed models that handl 
all alternator ratings. 


@ G-E control panels incorporate five built-in system-protec 
tion features*—all in easy-to-service panel units. 


Nine leading U. S. military aircraft today fly with reliabk 
G-E a-c power. For more information on the benefits you can 
gain for your aircraft with a G-E system, write for Bulletin 
GEA-5905 (‘“‘AC Generator Systems for Aircraft’). The 
booklet is amply illustrated, gives complete equipment and 


bu can fol ‘your conflience 


GENERAL @@ ELECTRIC 


ENOUGH ELECTRICITY FOR FIVE CITY BLOCKS can be produced by a G-E 30 kva alternator (left, above). Teamed with the static voltage regulator, 
right, G-E alternators can be paralleled without exciter reversal problems. Compact, easy-to-service control panel (center) gives 5-way protection. 


Name your aircraft...G-E generator systems 
can be used with any drive in any application 


i 


sales features. Write Section 210-75, General Electric Company, 
Schenectady 5, N. Y. 


*Protection against differential faults, underfrequency, open phase, and ex- 
iter failures; also overvoltages in both parallel and isolated systems. 


G-E air turbine drives can be developed to your requirements. Above 
unit maintains close speed control, is suited for parallel operation. 


For more information, contact your nearest G-E Apparatus Sales Office. 
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1.A.S. News Notes 


May 1953 


HOFF TO PRESENT WRIGHT LECTURE IN LONDON 


Dr. Nicholas J. Hoff, Polytechnic Institute of Brooklyn, has been invited by 
the Royal Aeronautical Society to deliver the 4lst Wilbur Wright Memorial 
Lecture in London, September 14. 

KK 


NATIONAL TELEMETERING CONFERENCE PROGRAM SET 


The theme of the Telemetering Conference being held in Chicago's Edgewater 
Beach Hotel, May 20-22, will unite the interests of those engaged in perform- 
ance-test workand those in operational telemetering. A collection of papers, 
some of which cover only recently declassified techniques, will be presented 
during the three days of technical sessions. Over 600 persons are expected 
to attend. Exhibits are a featured part of the show. E.J.Hobson, Director 
of Stanford Research Institute, will be principal speaker at the banquet on 


Wednesday,evening, May 20. 
ROK KK 


FIRST ANNUAL STUDENT COMPETITION IN TEXAS, MAY 6-9 


The Texas Section of the I.A.S. is sponsoring a Student Competition being 
held in Fort Worth, May 6-9. Open to the students of 12 colleges in the 
general Southwest region of the country, the Competition offers cash prizes 
ranging from $100 to $300 for the winning papers. An Awards Night Dinner 
is being held the evening of the 9th. Stories covering the meeting will appear 
in later issues of the Review. 


NEW I,A.S, CORPORATE MEMBERS 


Brandt Manufacturing Company, 9784 Bellanca Street, Los Angeles, Calif. 
Robert Hewitt Associates, 439 Madison Avenue, New York, New York 


NECROLOGY 


John Dean Hubbard, Assistant Project Engineer, Chance Vought Aircraft 
Division, February 2. 
John Francis Jacobs, Jr., Director of Electro-Mechanical Engineering, 
W. L. Maxson Co., New York, April 3. 
Flavius Earl Loudy, Chief Engineering Representative of Grumman in the 
USN Office of BuAero, Nassau, Long Island, New York, March 2l. 
KK 


NATIONAL MEETINGS CALENDAR 


May 20-22 I.A.S., A.ILE.E., I.R.E., andI.S.A. Joint National Tele- 

metering Conference, Edgewater Beach Hotel, Chicago, Ill. 

July 15-17 AnnualSummer Meeting and Honors Dinner,Los Angeles, Calif. 

Sept. 7-17 Fourth International Aeronautical Conference, London, England 
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1.A.S. News Notes (con’t.) 
CALENDAR OF SECTION MEETINGS 


May 5--Hagerstown Section: Hagerstown American Legion, Dinner, 7:00 


p.m.; Meeting, 8:30 p.m. ‘The Aircraft Industry Tomorrow" by 


Adm. D. C. Ramsey, USN (Ret.) President, A.I1.A. 

May 6--Wichita Section: Location and hour unknown at press time. "Our 
New Air Terminal'' by Emery Cox, Dir. Wichita Mun. Airport. 

May 6-9- Texas Section: Worth Hotel, Fort Worth, Texas, First Annual 
Student Paper Competition. 

May 11--Montreal Section: 401 RCAF Fighter Squadron, Westmount. Meet- 
ing, 8:15 p.m. Speaker, Dr. John J. Green, D.R.B. 

May 13--Baltimore Section: The Johns Hopkins University, Meeting, 8:30 


p.m. ''Weapons Systems" by Maj. Gen. D. L. Putt, ARDC, USAF. 


May 13--Buffalo Section: Bethlehem Steel Corporation, Meeting, 7:00 p.m. 
Tour of Bethlehem Steel facilities. Reservations must be made 
through R. Crisman; Phone NF 7851, Extension, 7120. 


May 14--Los Angeles Section: I.A.S. Building,Specialist Meeting, 8:00 p.m. 


"Secondary Flow in a Cascade of Airfoils'' by Hans Eichelberger. 

May 14--San Diego Section: I.A.S. Building,Specialist Meeting, 7:30 p.m. 
Subject: "Stability of Hydraulic Power Control Systems."' 

May 16--Los Angeles Section: I.A.S. Building, Fourth Annual ''Test Hop" 
(Dance) 9:15 p.m. For tickets, contact I.A.S. Los Angeles office. 

May 18--Atlanta Section: Mammy's Shanty Restaurant, Joint SAE-IAS Dinner 
Meeting, 6:30 p.m. "The Propeller-Turbine Engine" by J. T. Wills, 
Manager of Sales Engineering, Allison Division, G.M.C. 

May 19--New York Section: Grumman Aircraft Engineering Corporation, 
Social Hour, 7:00 p.m.; Dinner, 7:45 p.m.; Meeting, 8:45 p.m. 
"Reinforced Plastics in Aircraft'' discussed bya panel of 15 experts 
and introduced by Hiram McCann, Editor, Plastics Magazine. 

May 21--Los Angeles Section: I1.A.S. Building,Specialist Meeting, 8:00 
p.m. "Automatic Cruise Control for Long-Range Jet Aircraft" by 
J.R.Shull, J.B.Rea Company, and ''Digital Techniques in Auto- 
matic Flight Control" by Eric Weiss, J.BR.Rea Company. 

May 21--San Diego Section: I.A.S. Building, Dinner Meeting, 7:00 p.m. 
Subject and speaker unknown at press time. 

May 21--Texas Section: Arlington State College, Arlington, Tex. , Specialist 
Meeting, Hour, subject and speaker unknown at press time. 


May 27--St. Louis Section: Forest Park Hotel, JointSAE-IAS Dinner Meeting, 


6:30 p.m. "Development of the Nash-Healey Sports Car" by E. L. 
Morrison, Chf. Dev. Eng. , Nash Motors. Also, films of the 1952 
Farnborough Air Show and the High-Altitude Rocket Tests inN.M. 
May 28--Los Angeles Section: I.A.S. Building, Social Hour, 5:30 p.m. 
Dinner, 6:30 p.m.; Meeting, 8:00 p.m. '"The Systems Approach 


to Air Weapons Evaluation'"' by Maj.Gen. D.L. Putt, ARDC, USAF. 


June 3--Toronto Section: Elms Golf and Country Club, Annual Meeting; 
Dinner, 7:00 p.m. Films to be shown. 

June 12--Chicago Section: Glenview Naval Air Station. Annual election of 
officers. Hours, subject and speaker unknown at press time. 
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ILA.S. News 


A Record of People and Events 
of Interest to Institute Members 


|.A.S San Diego Building 
Reopened 


This Building, Used by an Aircraft Manufacturer for the 
Past 2'/. Years, Now Available Again for |.A.S Functions 


INSTITUTE OF THE 
Diego has returned to the I.A.S. 
21/5 years. 
this interval as office space in connection 
with Consolidated Vultee Aircraft Cor 
poration’s B-36 modernization program, 
It is now available as a meeting place 
for I.A.S. groups, as well as for members 
of other organizations. 

The Institute was fortunate in obtain 
ing once again the services of Mrs. Gayl 
Mansfield in the position of Secretary. 
L. E. McCullough has been employed 
as Building Custodian. For the infor 
mation of any persons desiring to see 
the premises or to use the Fleet Foun 
dation Library, the building is open to 
the public from 9:00 a.m. to 1:00 p.m., 
Monday through Saturday. 

The building is in first-class con 
dition. The interior has been com 
pletely refinished, including the in 


AERONAUTICAL 
fold after an absence of approximately 
This building, now a veteran of the present world crisis, was used during 


SCIENCES BUILDING in San 


stallation of asphalt tile over a major 
portion of the floor surfaces. Minor 
repairs and alterations have been ac- 
complished. 

It will be remembered that in the 
latter part of 1949, Convair leased the 
grounds immediately adjacent to the 
rear of the building for purposes of stor- 
age and testing. A short time later, 
Convair’s need for additional space be 
came acute, and the subject of leasing 
the entire area—the building as well as 
the grounds—was broached. After due 
discussion, a lease was drawn up, and in 
August of 1950 Convair took possession 
of the property with the proviso that it 
would be returned to the Institute as 
soon as circumstances would permit. 


As is now a matter of record, it was re- 
turned this spring. 

The history of this building dates 
back to 1944 when Major Reuben H. 
Fleet, I.A.S. Associate Member, Founder 
Member, and Benefactor who was 
then serving as I.A.S. President, per- 
ceived the need for adequate housing 
facilities for the various activities of the 
Institute. Under his aegis, the present 
I.A.S. headquarters building in New 
York came into being, and the plans for 
the San Diego and Los Angeles buildings 
were laid. 

In September of 1945, preliminary 
building plans were approved by the 
Contributors’ Committee for the San 
Diego Facility of the Aeronautical Sci- 
ences. (This committee had _ been 
formed several months earlier and was 
composed of representatives of the con- 
tributing aircraft companies.) Two 
months later, a proposed site for the 
building was selected. However, the war 
and rising building costs delayed further 
progress until 1948, at which time the 
property was finally secured and the 
building plans were finalized. 

The dedication of the San Diego 
building on April 29, 1949, was the cul- 
mination of approximately 5 years of 
effort by Major Fleet and the Institute. 
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Necrology 


Mrs. Minta Martin 


Mrs. Minta Martin, mother of I.A.S. Honorary Fel- 


low and Benefactor Glenn L. Martin, who in 1917 
founded the company that bears his name, died at the 
Martin home in Baltimore, Md., on last March 14. 
She was 89 years old. 

Eleven years ago, Mr. Martin presented the Insti 
tute of the Aeronautical Sciences with a block of stock 
in his mother’s name. This gift formed the Minta 


Martin Aeronautical Endowment Fund. At the time 
this gift was being proffered to the Institute, Mr. Martin 
wrote that it was being made “in commemoration of 
my mother’s sympathetic assistance to and cooperation 
with me in my aeronautical activities over the past 
years.”’ This stock now has a value of over $500,000. 
Mrs. Martin was always a source of inspiration and 
encouragement to her son throughout his aeronautical 
career. In 1908, when Mr. Martin took over an aban- 
doned Santa Ana, Calif., church building in which to 
construct his first airplane, Mrs. Martin, despite the 
jeers of well-meaning neighbors and friends, had no 
“T believed,’’ she said in later 
years, “that my son could do anything other men did, 
and usually a little bit better.’’ She demonstrated her 
abiding faith by repairing with him each evening to the 
old converted church building and holding in whatever 
spot it was needed a kerosene lamp that furnished the 
sole illumination in the building. 


doubt of the outcome. 


In 1912, Mrs. Martin, a former Iowa school teacher, 
took her first airplane ride—in a plane built and piloted 
by Mr. Martin. Thus, she became one of the first 
women to fly and reputedly the first mother to be flown 
by her son. As the plane was only a single-seater, Mrs. 
Martin perforce sat on a lower wing spar, her head 
covered only by a shawl and her feet dangling into 
space. The flight was made on the Pacific coast and at 
an approximate altitude of 1,500 ft. 

Mrs. Martin made many subsequent flights with her 
son. But, in 1948, a 40-year-old dream was fulfilled 
when she and her son made a leisurely 6,500-mile aerial 
tour of the country in a plane designed and built at The 
Glenn L. Martin factory. This tour took them to Santa 
Ana and to other spots important in Mr. Martin’s 
career. 

Mrs. Martin is survived by her son, Glenn L. Martin. 
Her body was flown to Santa Ana for burial. 


Aviation Medicine Now 


Preventative Medicine Specialty Bord of 


The efforts of the Aero Medical As- 
sociation to achieve professional recogni- 
tion of aviation medicine as a specialty 
in the field of preventative medicine the 
were realized on February 8, 1953. On es 
that date, the American Board of Pre 
ventative Medicine was authorized by 
the Council on Medical Education and 
Hospitals of the American Medical As- 
sociation, upon the recommendation of 
the Advisory Board for Medical Special- 
ties, to grant specialty certification to 
physicians who are properly qualified in 
aviation medicine. 
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National Safety Council's 
Award Winners 


Twenty-four companies active in the 
aeronautical field participated in a safety 
contest conducted during the 1952 
calendar year by the National Safety 
Council. According to N.S.C. statis 
tics, the injuries received in this period 
totaled 1,509, while the total 
hours worked were 518,151,000. Using 
the 1951 calendar year as a comparison 
the percentage increase during 1952 in 
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injuries was a +53, and the percentage 
decrease in the final 1952 rate was a —5. 

For the purposes of the contest, the 
participating companies were divided 
into Group A and Group B. The fre- 
quency rate during the 12-month period 
for Group A was 2.82 and for Group B 
3.45. The overall rate for the entire 
contest was 2.91. 

Winners of the first three places in 
Group A were Northrop Aircraft. Inc., 
of Hawthorne, Calif., with a frequency 
rate of 1.23; Fort Worth Division of 
Consolidated Vultee Aircraft Corpora- 
tion with a 1.49 frequency rate; and 
Santa Monica Plant of Douglas Aircraft 
Company, Inc., with a 1.79 frequency 
rate. 

In Group B, Curtiss-Wright Corpora- 
tion, of Carlstadt, N.J.; AiResearch 
Manufacturing Company, Division of 
The Garrett Corporation; and North 
American Aviation, Inc., of Downey, 
Calif., took the first three spots. 
Curtiss-Wright experienced a frequency 
rate of 0.56; AiResearch, 1.11; and 
North American, 1.18. 

Northrop and Curtiss-Wright, as 
first-place winners, are to receive appro- 
priate plaques. Certificates are being 
issued to the second- and third-place 
winners. 


Gas-Turbine Course 


An intensive course in gas turbines 
will be presented at the University of 
Michigan from June 29 to July 10. 
This 2-week course has been designed by 
Michigan’s Department of Mechanical 
Engineering particularly for engineers in 
the industry, professors contemplating 
courses in gas turbines, and members of 
the armed services having a direct inter- 
est in gas turbines. 

The registration fee of $100 covers the 
tuition and a set of preliminary notes 
for the course. Since the number of 
students in the course is limited to 60, 
registrations will be accepted in the 
order of submission. 


ILA.S. NEWS 


Registrations and requests for infor- 
ination should be directed to: Frank L. 
Schwartz, Professor of Mechanical Engi- 
neering, 231 West Engineering Build- 
ing, University of Michigan, Ann Arbor, 
Mich. 


News of Members 


>» Dr. Hans W. Liepmann (F.), Pro- 
fessor of Aeronautics, California Insti- 
tute of Technology, was reappointed 
to the N.A.C.A. Subcommittee on 
Fluid Mechanics. 

p> Dr. Frank E. Marble (M.), Assist- 
ant Professor of Jet Propulsion and 
Mechanical Engineering, California 
Institute of Technology, was renamed 
to the N.A.C.A. Subcommittee on 
Combustion. 

>» Dr. Clark B. Millikan (H.F.), Pro- 
fessor of Aeronautics and Director, 
Guggenheim Aeronautical Labora- 
tory, California Institute of Tech- 
nology, was reappointed Chairman of 
the Subcommittee on Fluid Mechanics 
and a Member of the Committee on 
Aerodynamics, N.A.C.A. 

> John K. Northrop (F.), who retired 
last November as President of North- 
rop Aircraft, Inc., has been retained 
on a part-time basis as a Consultant to 
the President of The Garrett Corpora- 
tion. He is undertaking a military 
product survey for AiResearch Manu- 
facturing Company in an effort to 
determine military accessory require- 
ments several years hence. 

>» Dr. Ernest E. Sechler (A.F.), Pro- 
fessor of Aeronautics, California Insti- 
tute of Technology, was reappointed 
to the Subcommittee on Aircraft 
Structures, N.A.C.A. 

p> C. Glen Williamson (M.), resigned 
his positions as President and Direc- 
tor of Kellett Aircraft Corporation. 
This was effective February 10, 1953. 


AERONAUTICAL UNIVERSITY 
PRESIDENT 


Kenneth L. Burroughs (A.F.) has been 
elected President of The Aeronautical Uni- 
versity, succeeding Lewis M. Churbuck who 
remains as Chairman of the Board and 
Treasurer. Mr. Burroughs, who has been 
associated with the university since its 


founding in 1929, was previously Vice- 


President. 


Members on the Move 


The purpose of this section is to provide 
information concerning the latest affilia- 
tions of I.A.S. members. All members 
are therefore urged to notify the News 
Editor of changes as soon as they occur. 


Harold Andrews (T.M.), Graduate 
Student in Aeronautical Engineering and 
Instructor in Engineering Materials, Cor- 
nell University. Formerly, Assistant Re- 
search Mechanical Engineer, Cornell 
Aeronautical Laboratory, Inc. 


Curtis L. Bates (M.), Assistant Director 
of Engineering, Ryan Aeronautical Com- 
pany. Formerly, Chief, Mechanical De- 
sign, Northrop Aircraft, Inc. 


Major William S. Dawson, U.S.A.F. 
(A.M.), Commanding Officer, 1300th 
Student Squadron, Air Resupply and 


(Continued on page 102) 


America. 


National Telemetering Conference 
Edgewater Beach Hotel, Chicago, Ill. 


This conference, at which papers on mobile and point-to-point telemetering will be presented by 
leading international authorities, is being sponsored by the American Institute of Electrical Engineers, the 


Institute of the Aeronautical Sciences, the Institute of Radio Engineers, and the Instrument Society of 


For information relative to registration, please address all correspondence to: 
Commonwealth Edison Company, 2233 South Throop St., Chicago 8, Ill. 


May 20-22, 1953 


W. H. Wickham, 
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Courtesy Eclipse-Pioneer Division, Bendix Aviation Corporation 


The potentialities of automatic approach are demon- 
strated here as an Eclipse-Pioneer electronic Autopilot 
and Flight Path Control bring a DC-3 in on a glide-path 
for landing on a runway barely discernible through rain 
and mist of left windshield. At approximately 300 ft. 
altitude, the pilot obligingly stepped out of the cockpit to 
let the photographer snap this picture. 
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Editorial 


Electronics vs. The Human 


This is the third in the series of special electronic 
issues of the REVIEW. It is also the third year that the 
Institute has devoted one entire day of its annual meet- 
ing to the subject of Electronics in Aviation. We are 
happy to report that considerable progress appears to 
have been made in this field in the meantime. 

No longer does every electronics engineer view the 
airplane as a neurotic patient whose only cure depends 
upon his patent medicines and prescribed crutches. 
Nor, do most aircraft designers continue to look upon 
electronic equipment as an assortment of temperamental 
black* boxes intended and destined to ruin his airplane's 
performance. Much has been accomplished in the way 
of bringing about a meeting of the minds and a mutual 
understanding and appreciation of the problems. 

The Institute is proud of the part it has played 
will continue to play 


and 
in this connection. 

Electronics has given us the ability to achieve speeds, 
performances, and a degree of safety in flying which go 
far beyond the powers of the human pilot alone. Reli- 
ability and versatility of the equipment have constantly 
improved. Through miniaturization and substitution 
of materials and methods, the electronics industry has 
developed products that are entirely compatible with 
good airplane design and performance requirements. 

As yet, however, nobody has come up with a gadget 
that “thinks.” Until they do, it seems apparent that 
the human pilot and crews will always be with us on 
passenger-carrying aircraft. 


We can, and have, designed equipment that can solve 
nearly any equation or perform almost any kind of job. 
Given a predetermined set of facts or a specific thing to 
do, a well-designed electronic-mechanical gadget can 
do it more consistently—and usually faster and more 
accurately—than the human. Its primary weakness 
seems to rest in the fact that once committed (by hu- 
man design) it can only do what it was supposed to do 
in the first place. 

There are circumstances under which such perfection 
of performance might well be disastrous. These are 
the times when human judgment is nice to have 
around. 

Recognition of these facts gives both the electronics 
engineer and the airplane designer a common ground 
upon which to work. Reliable automatic controls 
that ease the physical and mental strain of the human 
pilot are much to be desired in passenger-carrying 
planes. Complete automaticity in guided 
and pilotless aircraft is an undeniable necessity. 

Perfection of the latter will unquestionably benefit 
the former. 


missiles 


But, as of today, nobody is quite ready to 
“go along for the ride’’ on that pilotless flight from New 
York to London. 

The pros and cons of these tenets formed the basis of 
discussions at the Institute’s recent Electronics Sym- 
posium. What the experts had to say on these sub- 
jects makes the following pages interesting and worth- 
while reading. W.ASS. 
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The symposium continued throughout 


1 full afternoon and evening. 


Because of its length and the volumes of recorded discus 


ons, it has been necessary to excerpt only the more salient 


for publication purposes. 


Dr. Warner's introduc 


tion of the panel members and much of the humorous 
epartee (which added so much to the enjoyment of the 
audience) have, of necessity, been omitted. 
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Introduction 


By 
Edward Warner 


My job here is somewhat that of the property man in 
the classic Chinese drama, who sets the stage as unob- 
trusively as possible, then retires into the background, 
and lets the cast hack away at one another 
the audience at them... . 

The title of this symposium is ‘‘Electronic Control 
and Stabilization of Aircraft.’ The subject is to be 
treated primarily in an operational sense to answer such 
questions as: ‘‘What is now being done by automatic 
control?’ ‘‘How useful is it to the operator?” ‘‘How 
satisfactorily is it being done?’’ ‘‘What else would we 
like to do?” ‘“‘What benefits could be expected if we 
did it?’ ‘‘What are our chances of doing it?’’ ‘‘How 
should we set about it?’’... 

All of these questions, and others that might be 
framed along the same lines, are essentially questions of 
the mutual influence among the three groups who repre- 
sent the operational, electronic, and aircraft design 
aspects of the subject under discussion here today. . . . 

There will first be a brief initial statement by each 
member of the panel, bringing out points that seem to 
him to be particularly significant.... After the initial 
statements will come the discussions —both within the 
panel and from the audience. . . . 


and then 


I should like to make one other point before inviting 
Captain Jensen to speak first- that is, that this discus- 
sion, obviously, covers a considerable time range. It 
covers what is being done at the present time and what 
might be done in the immediate future. It also covers 
some of the possibilities extending perhaps 10 or 20 
years ahead. ... Captain Jensen, will you open? 


Operational Aspects 


By 
Capt. W. A. Jensen 


In leading off this discussion, I would first like you to 
know that it is a privilege for an air-line pilot, such as 
myself, to be able to participate in a discussion such as 
this. It is unfortunate that we air-line pilots don’t 
have the time, or at least don’t take the time, to take 
part in more meetings and discussion with the engineers 
so that we can get to know you better and have a freer 
exchange of ideas between us. 

The air-line segment of the aviation industry has but 
one final reason for being, or one final purpose—that is, 
to transport an item (either passengers, mail, express, 
or freight) from its point of origin to its intended destina- 
tion, or from point ‘‘A”’ to point “B.”’ This transporta- 
tion should be accomplished, first of all, safely. It 
must be done efficiently. In the case of passengers, it 
must be done comfortably. For the air line to suc- 
ceed, it must be accomplished at a profit. 

It is our job as pilots to serve the passenger or shipper 
directly by satisfying these requirements as best we 
can. 
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In turn, many other people or groups of people are 
serving us. One of these groups is the engineering 
group, which provides us with the tools of our profes- 
sion—the aircraft and all its related equipment. 

Consequently, it becomes necessary for the engineer 
to becoine thoroughly familiar with our needs so that he 
has a starting point from which to proceed. From then 
on, discussions are in order between the pilot and the 
engineer to determine how well the needs can be and 
are being met and, when necessary, what compromises 
to make. 

Relating all this to the question at hand—that of 
automatic flight control—I think that the needs of the 
air-line pilot are not too difficult to outline. They re- 
late directly to the basic functions of an air line men- 
tioned a moment ago—the functions of transportation 
from “A” to ‘‘B”’ safely, efficiently, and comfortably. 

Safety is always the first consideration. An auto- 
matic pilot or any individual element of automatic con- 
trol must first of all contribute something to the safety 
of flight rather than detract from it. 

Air-line pilots are the people probably most inter- 
ested in this point. We don’t want that growth curve 
that you heard about to reach up and kick us. We are 
most particular about what gets into our cockpits. 
Take the copilot for example. 


The successful copilot undergoes a continuous succes- 
sion of elimination processes, both technical and physi- 
cal processes, from the time he begins his flying career 
as a student pilot, either as a civilian or military student 
pilot, until the day he finally finishes his copilot training 


Courtesy Sperry Co 
DC-6 cockpit of Aero Lineas Argentinas showing installation of an 
A-12 Gyropilot. 
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and takes his first air-line trip as copilot. We can’t 
tolerate anyone in the cockpit who will ever, for ex- 
ample, unconsciously kick a full left rudder. 

I think the inference is obvious. An automatic pilot 
If an automatic pilot 
should, in error, apply full left rudder, it is in the same 
category as a copilot doing the same thing. 

The automatic pilot must also undergo a thorough 
and corresponding check-out period that is equally as 
thorough as that of a copilot check-out period, and if a 
defect develops later, it must be eliminated until the 
defect is corrected. 


becomes a counterpart of a pilot. 


In short, the automatic pilot must be safe. As one 
pilot told me last week; ‘‘The automatic pilot on this 
plane is probably 95 per cent reliable, but I don’t use it 
for automatic approaches because of that remaining 5 
per cent.” The reason he didn’t use the automatic 
pilot and its coupler for automatic approaches is because 
of the other 5 per cent. 

Perhaps his percentages will not stand up against 
statistics, but the point that I want to emphasize is that 
the air-line pilot’s first requirement of an automatic 
pilot is the reliability that is essential to safety. In 
fact, I think it is an accepted fact that, in general, we 
expect and require more reliability out of a mechanical 
element than the human element that it replaces. 

So much for safety. The second point that I men- 
tioned was efficiency. Efficiency as related to air-line 
travel is the sum total of numerous factors, among them 
speed, schedule reliability, cost, etc. These factors are 
generally of more direct concern to the air-line operator 
than the pilot, although indirectly they are of pilot con- 
cern, for as the air line prospereth, so prospereth the 
pilot. Actually, I think you would all be agreeably 
impressed if you were able to see first hand how con- 
cerned most pilots are with providing efficient, as well as 
safe, transportation. 

The third requirement was for comfort of flight. 
Speed may be a primary salable feature of air travel, 
but comfort must be a close second. Consequently, a 
successful automatic pilot must control in such a manner 
that the resultant flight in conditions of turbulence will 
be as smooth or as comfortable as manual flight 
erably more so. 

In that connection, I have heard pilots mention the 
fact that they are concerned whether sufficient emphasis 
or sufficient research has been placed on the question of 
whether automatic flight and automatic altitude control 
puts stresses on the aircraft air frame of a higher degree 
than that which would be imposed by manual flight 
under the same conditions. 


pref- 


Maybe we can get more 
information on that as the discussion continues. 

It would be logical at this point to question whether 
an air-line pilot has need for an automatic pilot in the 
first place, and if so, why and for what portions of the 
flight? 

In my opinion (and it should be noted here that these 
are necessarily my opinions throughout, and not neces- 
sarily those of the Air Line Pilots Association or any 
other organization) automatic pilots for at least some, if 
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not all, types of aircraft are needed both for the en route 
and approach portions of flight. You will probably 
hear more from Mr. Pike concerning the jet operations. 
I am concerned with piston-engined aircraft. 

En route, the function of the automatic pilot is to in- 
crease the safety, efficiency, and comfort of the flight by 
providing a full-time attitude and altitude control. 
Without an autopilot, the air-line pilot’s attention is 
divided among a multitude of responsibilities, of 
which attitude and altitude control are only two. 

The other day, I counted up the various controls, 
switches, and indicators facing me in the cockpit of the 
Convair which I fly. Remembering that this is only a 
two-engined airplane and that there are many controls 
and switches behind the pilot’s seat, it might be inter- 
esting for you to know that I counted approximately 50 
controls, 85 switches, and about 90 indicators. 

Of course, we don’t use all of them all the time, but 
there are enough that are used all of the time to take 
considerable attention without even considering such 
important duties as keeping watch for other air traffic, 
making radio reports, navigating, etc. 

A good reliable automatic pilot—I mean one that 
does what you tell it to do—should certainly be able to 
contribute to the safety of flight by releasing a portion 
of the pilot’s attention from flight control to the duties 
just mentioned. 

A reliable autopilot should also be able to increase 
the safety and efficiency of an approach. Safety would 
be increased again by the ability of an autopilot to de- 
vote full time to the attitude and altitude control of the 
aircraft. The efficiency should be increased by allow- 
ing improvement of schedule reliability. 

I realize that these have been rather general state- 
ments and that you are interested in more specific de- 
tails, but it is hoped that these questions will be an- 
swered in the discussions to follow and that the fore- 
going will provide a common basis for these discussions. 


Operational Aspects 


By 
E. W. Pike 


My remarks are almost entirely related to the effect 
on our planning of the introduction of commercial jet 
aircraft. Asa result of our experience so far in operat- 
ing a commercial jet aircraft on scheduled long-distance 
flights, we have found a real need for (a) accurate air- 
speed control, coupled with the autopilot; (b) accurate 
engine power control by control of speed, fuel flow, or 
by some other means. 

Both of these requirements emanate from the neces- 
sity for controlling high-speed flight for maximum 
economy within much closer limits than we found neces 
sary for earlier transport aircraft and because we find 
flying to these closer limits manually is, in practice, a 
virtually impossible task for the crew members. 

For instance, movement in the cabin of the Comet, or 
turbulence, affects the optimum attitude causing speed 
variations of 20 m.p.h. or so, detracting from the eco- 
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noinic operation so highly desirable in jet aircraft and 
causing strain on the crew who must continually try to 
counteract these effects. 

An air-speed lock, maintaining air speed within 2 or 
3 knots, appears to be the order of the operational 
requirement. It may be noted that in the Comet a 
change of attitude of 1’ of are from the optimum in the 
cruising condition is, roughly speaking, equal to a loss 
of | knot in air speed. Also, a decrease of 1 per cent in 
r.p.m. corresponds to about 13 knots in air speed. 

We find the general aerodynamic qualities of the 
Comets satisfactory. We believe that they will lend 
themselves to the use of an adequate automatic speed 
control system when one is developed and available. 

We also believe that more accurate automatic fuel 
flow control (with, of course, the safeguard of a manual 
override for emergency use) is going to become increas- 
ingly important for the economical operation of jet air- 
craft. 

With regard to the approach and landing problem, 
although certain characteristics of the Comet differ 
from those of piston-engined aircraft, our operational 
minimums are about the same as for the latter, and, of 
course, all air lines are seriously concerned with the safe 
reduction of minimums to reduce delays and diversions. 

Ideally, for commercial reasons, we would like reliable, 
fully automatic control from the beginning of final ap- 
proach until the aircraft reaches the apron. However, 
we recognize that automatic control is a means and not 
an end, and although our final objective is all-weather 
operation, there is an economic limit to the price we can 
afford. The possibilities of an alternative means, such 
as FIDO, must not be ignored. 

In any event, we must continue to rely on a human 
pilot for ‘“‘fail-safe’’ purposes. Therefore, improve- 
ments in aircraft handling qualities are most important 
if he is to fulfill this function with safety at low alti- 
tudes. As examples of these desirable improvements, I 
would suggest approach speed reduction, immediate 
response to all control movements affecting both engines 
and aircraft, greater stability in speed and attitude, 
better flare characteristics, closer attention to cockpit 
cutoff effect, reduction of the ballooning when setting 
landing flap, and a smooth rapid transition from the 
approach to the missed approach configuration. These 
all merit serious attention in the design stage. 

Introducing larger aircraft of greater mass will, in 
itself, increase the difficulty on final approach, since the 
angular accelerations acceptable must be limited by the 
effect on both passengers and pilots and by effects of 
dynamic similarity. Therefore, because rates of roll 
and yaw go down, more time will be required to correct 
any given displacement error using the approach sys- 
tem. 

The Comets are fitted with Sperry Zero Readers, but 
because of the comparative lack of ILS ground installa- 
tions on many of our routes and also ground equipment 
unreliability in other cases, our experience so far with 
ILS approaches in service is rather meager. We are 
hoping that this unsatisfactory situation will soon 
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Courtesy Hazeltine Electronics Corp. 


Model 1800 Airborne Distance Measuring Equipment Interrogator. 


improve and that lower operating limits can be safely 
established. We are interested in improved automatic 
couplings but have as yet no experience in using them 
on the Comet. 

Generally speaking, we are asking that (as with 
Comet I) the future aircraft we order have reasonable 
stability in all normal flight conditions and configura- 
tions and in emergency conditions. We prefer to leave 
speculation on difficulties presented by certain trends to 
aircraft designers and research organizations. 

In summary, we want improved stability, improved 
engine power control, and quick recovery from attitude 
changes. Secondly, we want improvements in the 
implementation and reliability of ILS and improved 
coupling methods in the aircraft. 

Further requirements, admittedly tough but of some 
importance in high-speed flight, are (1) automatic 
warning of severe vertical gusts far enough ahead of the 
aircraft so that avoiding action can be taken and (2) 
automatic air-to-air collision-warning and -avoidance. 

Finally, the increased tempo of jet operations neces- 
sitates every effort being made to streamline functions 
and reduce the pilot’s work load so that he becomes 
more a monitor of functions (with due regard to fail-safe 
requirement) and less of a manipulator of controls and 
so that he is able to arrive at the correct operational 
decisions with comparative ease and rapidity. 


Operational Aspects 


By 
Brig. Gen. Benjamin S. Kelsey 


There is one facet of this operational problem which 
may be an advantage. Machinery fails too, and once 
in a while in automatic operations you will get an 
accident. It might be convenient at times to write 
down on the accident report not that the pilot pulled a 
boner but that the machinery made a mistake! 

We illustrated this in an automatic flight machine 
that we had arranged for a preprogram completely 


te 
. 
ic 
| wa ; 
+2 
he 
| 
ut 
ch 
lat | 
to 
on 
ies 
ise 
ild 
le 
he 
W 
te 
| 
in 
re 
ms | 
| 
ct 
jet 
at 
1C¢ 
ile 
oO! 
es | 
111 
nd 
| 
or 
ed 


42 AERONAUTICAL ENGINEERING REVIEW 


FORMATION STICKS 


CHASSIS EQUIPMENT ASSEMBLY 


Courtesy Minneapolis-Honeywell Regulator Co 
An earlier model, showing the components and installation of a 
complete Honeywell Electronic Autopilot for military bomber air- 
craft. Two gyros, the Rate Gyro, which controls rate-of-turn, and 
the Vertical oxen which controls roll and pitch of the airplane, are 
mounted in the Chassis Equipment Assembly. The Turn and Pitch 
Controller is mounted in the cockpit and is the pilot's master control 
for the entire system. 


automatic flight. Having energized the equipment, the 
sequence got out of step; the power went on, and the 
gear retracted before the brakes released. 


The Air Force is now talking in terms of systems. 
This is a new approach to try to get across the implica 
tions inherent in building anything for a military opera 
tion which involves more than any one particular 
package. 


We speak now of bombing systems, which include 
navigation and means for locating targets, determina 
tion of the point of releasing bombs, and all the other 
combinations and components that go into putting the 
bomb on the target. This is a bombing system. It is 
included in what we now call a weapons system, which 
happens to be an aerodynamic package that includes 
this component and others. This aircraft is part of an- 
other system and includes ground environment and all 
the supporting services. 


This systems approach means that there is less and 
less differentiation between those things that we nor 
mally associate with aircraft design and those things we 
associate with gadgetry. We find little distinction be- 
tween equipment that has been taken aloft and equip- 
ment left on the ground. We make less and less dis- 
tinction between things that are called Naval systems 
and things that are called military systems. We find 
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that Naval provisions are included at the present time 
in bombing systems. 

Going on from there, we have a background of sensing 
versus actuation. This is a technical phraseology. It 
means that there are a lot of impulses available which 
have to be interpreted and applied to certain mech- 
anisms in the aircraft system. 

In making a completely automatic flight a few years 
ago, we brought these things to a ‘‘breadboard.”’ We 
picked up all the things that might be considered sens- 
ing elements—time, air speed, attitude, and such 
things as “real time’’ scales or “‘relative air.” 

That is one of the indications, for instance, which you 
can’t use conveniently with a pilot. Yet, you would 
like to know what angle of attack is, because this is the 
critical item——not the air speed. But you have no way 
of using it with this automatic arrangement. It is 
possible to bring in many of these other sensing ele- 
ments. 

On the other side of the board, we put in everything, 
such as pulling up the gear, setting the power, etc. In 
between, we had the problem of programming and con 
necting these things across. In this gap we put what 
we called a master sequence selector. 

We found that in hooking these up there were a great 
many sensing elements that could be hooked directly 
to operating elements by passing the sequence arrange- 
ment. 

If you apply this, you will find that there are a great 
many places in which we have a large degree of auto- 
matic flight today. Whether it is electronic or me- 
chanical is not so important. Most of it can be done 
electronically, and some of it can be done hydraulically. 
It makes little difference in this part of the discussion. 
Much of it we accept. 

The jet engine is so complicated that all of the con 
trols must be built by the engine manufacturer. So the 
operation is not confused by all these operating sched- 
ules, which is a backlog and inheritance in the past, on 
which man has insisted that all the knobs be brought up 
for his use. The fact that he can’t use them properly is 
beside the point. 

If we take some of these compartmented things like 
the bombing system, for instance (we have long since 
hooked up directional control with automatic pilot and 
bomb release), we know that we get a better performance 
out of this than if we try to present it, have the pilot 
interpret it, and then put it back into autopilot or 
manual flight. 

Automatic flight can be fed in more directly than you 
can feed it through the pilot. We found this out on 
some automatic approach tests with the B-29’s. On 
one of the initial tests or orientation flights, the pilot 
inadvertently didn’t switch off the automatic coupling 
soon enough, and the plane made a perfectly good and 
complete instrument landing—which was something 
the pilot never had been able to do manually. 

In some of our higher speed approaches, we found 
that power control for ‘‘fighters’”’ with a plotted course 
and computed course requires a precision of control be- 
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yond manual capability. For some of these reasons, 
obviously, we are going, in military applications, to a 
high degree of automatic control and automatic sta- 
bility. 

The point I would like to make is that today we have 
available a great deal of automaticity. In the future 
there are a great many places where we could apply this. 
But today we have a difficulty in that many of the ele- 
ments are not compatible; they are compartmented- 
unrealistically, in many cases. 

It would seem that it would be worth while to work 
today on making elements compatible and making 
them interconnected. We can then utilize immediately 
those elements that are now available and apply future 
developments as rapidly as they become available. 


Operational Aspects 


By 
Rear Adm. G. B. H. Hall 


The Navy has an intense interest in automatic flight. 
It is particularly interested in such features of auto- 
matic flight which will permit us to do our current job 
better and more economically. 

The interest of the Navy in this regard was shown as 
far back as 1922, when experimental remote control 
work was conducted, using a World War I training sea- 
plane, at Dahlgren, Va. 

Since that time, the Navy has assisted in much of the 
great progress that has been made. We have con- 
ducted tests with instrument landing systems in the 
1930's. We have sponsored the widespread use of 
ground control approach; we have pioneered in night- 
fighter and night-attack work during the war and have 
cooperated with the other services and with civilian 
aviation in setting up many national standards. 

We are using regularly remotely controlled aircraft 
for gunnery training, and we have attained a degree of 
success in our guided-missile work. 
that much remains to be done before we can depend 
fully on truly automatic methods of flight control. 
These methods, which include many electronic tech- 
niques and component equipment, must undergo com- 
prehensive tests, extensive flight evaluations, and then 


We feel, however, 


thousands of hours of service experience before we can 
accept them without reservations. 

With regard to flight in critical weather, the Navy 
can now, and does, fly in any weather that is humanly 
We should like to 
do this with less restriction in peacetime and less loss of 
material and men in time of war. Specifically, we 
would like to see great improvements both in our cock- 


possible, using current equipment. 


pits and in the terminals that we are obliged to use. 
Economy of operation is an important factor to us. 
We are concerned with economy in fuel, in material, 
and in the lives of men. It is obvious that the less gas 
we waste on take-offs, our en route errors, and in stack- 
ups, the more time we will have and the fewer air- 
planes we will need to carry out our defensive and 
offensive missions—our sole reason for existence. 
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Navy planes, as well as those of other services and 
civilian planes, require stability of plan form for carry- 
ing out their jobs. We are concerned with crew com- 
fort because it effects their efficiency of operations 
under tense and arduous conditions. 

Efficient traffic control, whether it be of patrol planes, 
carrier planes, or logistic support planes, is vital. 
Traffic control is an important element of the principle 
of economy of employment. 

With regard to flight planning, such improved fea- 
tures of automatic flight which will improve our ad- 
vantages of mobility and flexibility in deployment and. 
action are welcomed by the Navy. We look forward 
to the time when the Naval pilot can pay much less: 
attention to the elaborate system of instruments and 
more attention to the combat or military features of 
every flight. Yet, at the same time, the provision of 
automatic control must allow for failures and for the: 
saving of the aircraft by conventional means. Our 
inclusion of complicated equipment cannot be allowed 
to increase heavily the maintenance and logistic sup- 
port problems that are now straining our training and 
operational commands. 

From the operational point of view of the Navy, we 
must strive continuously to balance between what we 
want developed and what we can actually put in the 
service or field every day for practical use. The adop- 
tion of all new devices must be considered from many 
angles but particularly from the capability of men we 
have now and men whom we would employ in time of 
war to handle them. 

There is a vast amount of thinking and work going 
on nationally and internationally on the subject of 
automatic flight. The Navy is particularly impressed 
by the human engineering approach being made by 
many organizations to solve the various aspects of the 
remaining problems. We believe, however, that we 
will be obliged to go through many stages of approxima- 
tions before complete automatic flight is solved to the 
extent where we can assuredly take off, navigate, 
operate, and land, consistently, aircraft carrying human 
operators. We must keep in mind the principles of 
simplicity and reliability throughout all of these ap- 
proximations. We also are concerned with the weight- 
growth factor of all our aircraft. 

The Navy’s carriers, our experience in seaplanes, our 
development of guided missiles, and our continuous 
exercises in many parts of the world, will undoubtedly 
contribute toward the systematic solution of automatic 
flight for use by both the military and civil aeronautics. 


Aircraft Design Aspects 


By 
W. F. Milliken, Jr. 


In the following statement I should like to introduce 
the subject of artificial stability into the panel’s discus- 
sion. 

Artificial or “‘ersatz’’ stability—of which the yaw 
damper is one example—utilizes many of the same com- 
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ponents, such as servomotors, amplifiers, etc., as fully 
automatic control systems and is, hence, frequently 
confused with these devices or systems. There are, 
however, practical distinctions between artificial sta- 
bility and conventional automatic control, and these 
will now be outlined. 

In the first place, the objective of artificial stability 
differs from that of automatic control. Whereas the 
fundamental job of complete automatic control is 
stabilization and guidance of the aircraft relative to 
some external frame of reference axes—such as those 
fixed in the earth, for example—~artificial stability seeks 
stabilization in reference only to airplane motion param- 
eters such as yawing, rolling, or sideslip velocities and, 
hence, stabilizes in reference to the relative wind or 
motion created by the aircraft itself. 

In some respects, artificial stability may be directly 
analogous to the aerodynamic stability designed into 
the aircraft and may be dependent upon its surface 
areas and other geometrical features. 

The simplest observable difference between artificial 
stability, as here defined, and automatic control is that 
the human pilot retains his conventional function in the 
former—i.e., supplies overall guidance through the 
normal flight controls. In short, artificial stability is 
designed to improve the handling qualities of the 
manually flown aircraft. 

The potentiality of artificial stability—at this junc- 
ture in the evolution of electronics and aircraft—is that 
it provide a means of vastly improving flying qualities 
for the performance of tasks now marginal or impossible 
with the aerodynamic aircraft, without going to com- 
pletely automatic controlling systems. Mr. Goett 
will undoubtedly amplify this thought later. 

To clarify these ideas further, I would ask your indul 
gence in illustrating these distinctions by use of an old 
fashioned weathervane. As an example, I should like 
to show how the static directional, or weathercock, sta 
bility may be enhanced artificially. 

Fig. 1 shows a simple weathervane producing static 
directional stability proportional to yaw angle. The 
slope of the yawing moment curve is defined as this sta- 
bility. 

Suppose now that control of the yawing motion of the 
vane is desired——namely, control of the angle of yaw. 
\ movable rudder may be installed which has a | to | 
correspondence to the airplane’s rudder. 

Fig. 2 shows the development of yawing moment as a 
function of rudder position. 

Now, further, let us suppose that it is desired to in 
crease the static directional stability without increasing 
the total vertical tail area. Fundamentally, artificial 
yawing moment proportional to yaw angle is desired, and 
this may be obtained by moving the rudder in propor 
tion to yaw angle. 

Thus, Fig. 3 illustrates how the rudder may be moved 
by servo-control proportional to yaw angle to increase 
static directional stability. Relatively small rudder 
displacements may easily double the directional sta- 
bility. 
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To retain rudder for normal control use by the manual 
pilot, a split rudder arrangement as shown in Fig. 4 
might be adopted. This is equivalent to having two 
one who operates a portion of the 
rudder to improve the yawing stability and the other 
who flies the aircraft in conventional fashion. The 
latter, if unaware of the former, would only sense that 


pilots in the aircraft 


the directional stability had been improved. 


In most practical installations, one rudder surface is 
used for both functions, the artificial stability and con- 
trol functions being superimposed by a mechanical dif- 
ferential or by positioning the rudder to the sum of two 
signals when full servo-boost is available. Normal 
rudder sizes present little limitation to the use of the 


control for the two functions. 


From the above, it is possible to generalize: (1) that 
artificial stability is, from an operating standpoint, 
different from automatic control; (2) that the amount 
of artificial stability may be varied through changes in 
sensitivity; (3) that moments proportional to motion 
variables, such as p, 7, g, ete., may be generated, and 
hence effective changes in the aerodynamic moment 
(4) that other deriva- 
tives not normally available to the designer may be 


derivatives may be produced; 


created artificially, such as rolling and yawing moments 
proportional to angular accelerations; (5) that phase 
shifts between the variables sensed and the application 
of control give rise to effects not normally inherent in the 
basic aerodynamic aircraft, but which through clever 
design may prove useful rather than detrimental; and 
(6) that nonlinear effective derivatives or other non- 
linear effects may be introduced. 


In what situations does artificial stability offer ad- 
vantages over complete automatic control? Its pri- 
mary advantage lies in the tactical flexibility it offers 
by virtue of its independence of fixed ground or external 
installations or equipment. 

In particular: (1) It currently offers a means of 
vastly increasing the damping of the airplane’s oscilla- 
tory modes or actually eliminating them. This may 
result, for example, in aircraft that can perform blind, 
rough-weather operation more easily and perform actual 
blind landings with minimum 


ground equip- 


ment. 
(2) It offers a partially proved means of gust allevia 
tion or ride control. 


(3) It makes available to the designer of modern high- 
performance aircraft (which must operate over wide 
ranges of Mach Number, altitude, etc.) a means of 
“fixing up’’ the aircraft's stability or creating desirable 
stability features for given purposes, such as accurate 
gunfire. In short, it gives to the designer control of the 
individual stability derivatives of the aircraft in the 
various portions of the operation range. 

(4) It offers variable characteristics for research on 
special-purpose aircraft and, with artificial ‘‘feel’’ sys- 
tems, makes available for the first time a truly adequate 
tool for flying-qualities investigations. 
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In concluding these remarks, several figures illus- 
trating the magnitude of effects introducible by arti- 
ficial stability are included. In Fig. 5, we have plotted 
the variation in period and damping of the “Dutch Roll”’ 
for an actual case in which artificial stability and damp- 
ing were available on the yaw axis. 

In this case an auxiliary rudder was used. The air- 
plane, a well-known fighter type, had in original form a 
lateral oscillation of 10-12 per cent critical damping, 
which is typical of what the pilots have been willing to 
put up with all these years, though equally typical of the 
great deficiencies that still exist in conventional aero- 
dynainie aircraft. 
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APPLICATIONS OF ARTIFICIAL STABILITY AND CONTROL IN. 
DETERMINING THE MINIMUM FLYABLE AND OPTIMUM LONGITUDINAL 
HANDLING QUALITIES OF MILITARY AIRCRAFT 


PURPOSE - Flight evaluation of the minimum acceptable and desired optimum 
valves of signiticant longitudinal handling qualities of typical 
bomber and tighter aircraft. 


METHOD - Artificial stability and contro! has been provided in a B26 and 
F-94 airplane, capable of varying the eight fongitvdinal 
stability characteristics over wide ranges. 
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APPLICATION OF ARTIFICIAL STABILITY AWD CONTROL IN STABILIZING A G45 AIRPLANE 


PJarUsk - To incorporate such artificial stability into a C-l5 airplane as to make all ite natural modes essentially 
aircraft 


non--oscillatory and convergent. 
techniques with varying amounts of dynamic stability. 


will be employed in the evaluation of all weather flying 


METHOD + As per theoretical study, artificial derivatives, and a variation of certain of the existing derivatives 
are provided to obtain the desired dynamic stability without adversely affecting the static flying 


qualities of the airplane. 
ARKT.FICIAL AND CONTROL PROVIDED 


Effect om Flying Qualities —Derivative Possible Range © 150 mph __ 
1. Damping of the phugoid mode of oscillation Cro. Unstable to 100% critically damped - normally 8%, 
2. Elevator control force per g of acceleration Cheseticx 5 1b/g too 1lb/g - normally 35 lb/g. 
3. Elevator control column deflection per g of Cms stick 8 deg/g tocO deg/g - normally 8 deg/g. 
acceleration 
lL. Increasing the spiral stability Cy Unstable to T) = 4.9 sec.-normally T) = 74.5 sec 
z ‘ 
5. Damping of the Dutch roll mode of oscillation C np 7 
° Unstable to 100% critically damped. - 
8. Turn coordination Cn, Cry” --5 to +5 Normally Ong = lh 
9. Increasing the roll stability Ceo, Unstable to Ty « .05 sec.-Normally Tl - .15 sec. 
z 
10. Aileron control force per rolling velocity Chae -5 1b/deg/sec to 1b/deg/sec.-Normally.7 lb/ 
deg/sec. 
ll. Aileron control wheel deflection per roll ¢ 1.2 deg/deg/ rmall 
12. Rudder control force per degree of sideslip Chys pedal 5 1b/deg to Co 1b/deg-Normally 11 1b/deg. 
13. Budder control deflection f : 
pedal per degree o Cr 5 deg/deg.to co deg/deg-Normally .5 deg/deg. 


3@ with minor cireuit changes it is also possible to d 
vary Che Cr » an Cy 


Fig. 8. 


Through artificial stability, great improvements in 
pilot opinion were obtained when the damping was in- 
creased to even 20 per cent critical. It is possible to 
increase the damping to 50 or 60 per cent, which may 
well prove optimum, for reasonably rapid initial return 
toward equilibrium. This may also be accomplished 
aerodynamically if a vertical tail of approximately one- 
half the wing area is acceptable. 

In Fig. 6, artificial stability in the form of rolling 
moment due to yawing velocity was introduced to 
The out- 
board section of the flaps was used to supply the rela- 


modify the spiral stability characteristics. 


tively small amounts of moment required. 

Essentially, any degree of spiral stability or insta- 
bility can be had with this device. Flight experience 
with this arrangement proved conclusively that our 
present spiral stability requirement is incorrect by an 
order of magnitude and that we should require approxi- 
mately one-half the rate of divergence that we now deem 
satisfactory. Tests under all-weather conditions would 
undoubtedly suggest even more stringent requirements. 

Finally, Figs. 7 and 8 summarize two artificial sta- 
bility and control projects currently under way at 
The first of these is 
being performed for the Air Force Flight Research 
Laboratory, Wright-Patterson A.F.B., while the second 
is on contract to the All-Weather Flying Branch, Flight 
Test Division. 


Cornell Aeronautical Laboratory. 


Electronic Aspects 


By 
C. S. Draper 


Automatic control equipment is applied in flight for 
three purposes: first, to provide pilot relief by carrying 
out operations that are within normal human capabili- 
ties; second, to provide control actions that are effec- 
tively beyond human efforts; and third, to replace men 
in pilotless aircraft. 

The conventional autopilot is widely used to assume 
the manipulation of controls during routine flight in 
order to reduce demands on the pilot’s attention. Ac- 
curate and fast-acting devices are essential components 
of modern power plants to make adjustments that are 
not possible by manual control. For the same reason, 
gyroscopically actuated servomechanisms to drive con- 
trol surfaces are included as components in high-per- 
formance aircraft. When guided missiles are designed, 
it is obvious that flight control must be provided by 
completely integrated control systems. 

Knowledge, techniques, and components are now 
generally available for the design and production of 
satisfactory control equipment ranging in complexity 
from elementary pilot-relief devices to complete systems 
for the stabilization and accurate flight control of long- 
range guided missiles. As a general rule, the man- 
designed systems may be expected to produce specific 
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outputs for particular inputs that are as good as, or 
better than, the corresponding responses of pilots. 
This is particularly true after periods of operation which 
are long enough for fatigue to become important. On 
the other hand, properly trained human beings are 
superior to automatic systems in making decisions in 
situations that require judgment and thinking ability. 
Optimum results are produced when this decision- 
making capability is used for monitoring control sys- 
tems. When arrangements of this kind are used, the 
automatic features relieve human nerves and bodies of 
tiring and often boring detailed operations, so that 
thinking and judgment may be most effectively used in 
meeting special circumstances and possible emergencies. 

Man-made computers designed during the last few 
years have produced systems capable of giving solu- 
tions for complex problems that involve many inputs. 
For example, computers that now exist will give ac- 
curate answers to the three-dimensional problems in 
geometry and dynamics that must be solved before 
guns or guided missiles can be effective. When human 
beings attempt to meet the same situations in the short 
times available, judgment rather than computation 
must be used. Computing systems, on the other hand, 
can give good answers to the special problems they are 
designed to solve and are well adapted to human moni- 
toring. These combinations of present-day machines 
and men are able to achieve system performance that is 
beyond the capabilities of even the recent past. The 
use of air-borne automatic control equipment, coupled 
with electromagnetic radiation for transfer of informa- 
tion, makes it possible to leave bulky, complex, and 
expensive components on the ground under human 
supervision. This means, in effect, that the same com- 
plex of computers and human brains may be used to 
control simultaneously not one but many guided mis- 
siles or aircraft at considerable distances from the con- 
trol center. 

Many people view the striking developments of com- 
puters with some fear that man will suffer the fate of 
Frankenstein and end up as the slave of his own crea- 
tions. Science fiction is currently devoting much space 
to this theme and often paints black pictures for the 
future of the human race. However, it is reasonable 
to expect that the power of living brains to preserve 
mastery over their own devices will protect men from 
this terrible fate. 

Control systems, including the necessary computers, 
are designed because of increasingly difficult perform- 
ance requirements in terms of problem complications, 
rapid action, and accuracy. Up to more or less sharply 
defined limits, desired results are possible by providing 
carefully trained men to work as teams with control and 
computing equipment. Beyond these limits, completely 
automatic systems are required and come into being 
only at the cost of increasing physical complexity. 
Complexity, in turn, tends to breed unreliability in 
operation. The human being is himself more complex 
than any mechanism he has built or conceived. Men 
have acceptable reliability in any difficult job only after 
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extensive training and careful selection. Even this 
expensive procedure is effective only if the men involved 
maintain proficiency by constant practice. This prac 
tice is not needed by properly designed and constructed 
control systems. On the other hand, physical systems 
must have constant inspection and operational checks 
with immediate replacement of substandard com 
ponents if they are to perform properly. These re 
quired services can be provided only by carefully or 
ganized and trained groups of human beings supplied 
with proper test equipment and replacement parts. 
At present there is a widespread tendency to place full 
responsibility for operational failures on physical equip 
ment, even though the actual fault may lie to a con 
siderable extent with groups of human beings who arx 
charged with maintenance and operation. 

Great complexity does not necessarily carry with it a 
corresponding degree of unreliability. Present-day 
telephone systems demonstrate the truth of this state 
ment. In these systems, a large number of wires, coils, 
contacts, vacuum tubes, and other devices must work 
satisfactorily on every call. Leaving out of considera 
tion the special circumstances that accompany catas 
trophic events like fires and floods, telephone-system 
reliability is generally high because of excelent design, 
manufacture, and maintenance. When any one oi 
these three factors deteriorates below a reasonable level, 
unsatisfactory performance will certainly occur. 

Electronic devices, particularly vacuum tubes, are 
regarded in many quarters as especially troublesome 
sources of unreliability. This opinion is particularly 
widespread among operators of flying equipment and 
engineers working outside the control and computer 
fields. These unfavorable feelings are based partly on 
natural and healthy reactions to things not clearly 
understood and partly on bad reliability records of 
equipment placed in production without a sufficient 
period of preliminary operational experience. Improper 
iaintenance by service organizations not backed up by 
satisfactory test equipment and replacement part sup 
plies also often helps to give control equipment a bad 
name. It is certain that refinements of design, coupled 
with improvements in inspection, maintenance, and 
training procedures, will greatly improve the effective 
reliability of electronic components and the systems in 
which they are used. When reasonabie engineering 
factors are applied, vacuum tubes and other electronic 
devices may be designed into systems so that they nor- 
mally operate with safety margins much greater than 
those that are possible in modern aircraft structures and 
power plants. This fact augurs well for the future 
universal acceptance of control equipment when the 
current concern over reliability has been forgotten. 


Aircraft Design Aspects 


By 
Harry J. Goett 


I would like to pick up where Mr. Milliken left off 
on artificial stability and discuss its possible uses and 
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suggest rules of procedure in its use which will enable us 
to exploit it fully. 

First, it is important to note that, although there is a 
difference in the end results of ‘‘artificial stability”’ (as 
Mr. Milliken has called it) and ‘“‘automatie control and 
stabilization” as we conventionally know it, both actu- 
ally use the same hardware; if an airplane is equipped 
for automatic control and stabilization to accomplish 
some of the purposes that the operational people have 
already asked for, it will have the hardware necessary 
for artificial stability. The only difference is the sensing 
signal that is put into the servo-apparatus. In the case 
of automatic stabilization, this signal is air speed, 
engine r.p.m., altitude, or distance off an ILS beam. In 
the case of artificial stability, it happens to be angle of 
attack, angle of sideslip, or some such variable to which 
the longitudinal, directional, or lateral stability is 
directly related. Thus, if we want to exploit the use of 
artificial stability, it can be done at little cost in weight 
or added complication. Asa matter of fact, it probably 
will end up as a considerable weightsaving device when 
it is used to substitute for a given amount of vertical 
tail area or horizontal tail area, which must be built into 
the airplane if the stability is to be obtained by purely 
aerodynamic means. 

Current practice does not generally take advantage 
of the above-mentioned possibilities of artificial sta- 
bility. With a few exceptions, it is customary to design 
the sizes of the stabilizing surfaces so that the airplane 
will meet the current flying-qualities requirements with- 
out any supplementary aid. Then, since the automatic 
stabilization apparatus is there, it may be used to make 
the airplane somewhat better from the stability or fly- 
ing-qualities standpoint. So the electronics is sort of a 
junior partner at the present time. 
supplement the aerodynamics. 

Actually, I think we have to look forward to a transi- 
tion period, and at the end of this period it is predict- 
able that artificial stability is going to become an equal 


It is used merely to 


partner to aerodynamics in furnishing the necessary 
stability for the airplane. For example, it will substi- 
tute in part for a significant percentage of the horizontal 
or vertical tail area. When this time comes, the opera- 
tion of the artificial stability apparatus would be as 
essential to the continued safe flight of the airplane as 
the engine isnow. Animportant question is: Just how 
should we proceed to this point? Should we fight a 
rear-guard action against it and try to keep the elec- 
tronics out and consider it a sign of engineering failure 
if we have to resort to this device, or should we try to 
set down a method of procedure by which the transition 
can be made safely and full advantage can be taken of 
the possibilities of artificial stability? 

We have only to look at what has happened in the 
power-boost field in the last 5 or 6 years to observe how a 
similar type of transition is being made. Five years 
ago the absolute demand was that if you had a power- 
boost system for operating the controls there should 
always be the possibility of manual reversion in the 


event of failure of the hydraulic system. In the course 
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Fig. 1. Lateral period-damping requirements. 


of 5 years there has been a sufficient change so that now 
some airplanes are flying in which, if the power-boost 
system fails, the failure is just as serious as loss of the 
engines. Of course, this situation has only been made 
tolerable by the provision of duplicate or triplicate sys- 
tems and considerable attention to ‘‘fail-safe’’ systems. 
I believe this same type of transition should be encour- 
aged with regard to the use of artificial stability and 
that, in the first part of this transition phase, the air- 
plane should be designed to meet existing flying-quali- 
ties requirements with the artificial-stability apparatus 
operating and that, in the event of failure, it merely be 
required that the airplane is barely flyable. Flight 
with the artificial stability apparatus inoperative should 
be considered strictly an emergency condition, and mini- 
mum compromise should be made in the airplane design 
to meet this condition. 

Somewhat in anticipation of the above trend, the 
N.A.C.A. has been conducting some flight tests in an 
attempt to set up some guide lines that will indicate just 
how bad an airplane can get and still be flyable. These 
flights have been made at Ames Aeronautical Labora- 
tory during the past 5 years in an airplane in which the 
lateral and directional stability can be varied over a 
wide range. This airplane is described in some detail 
in N.A.C.A. T.R. No. 948. We took this airplane and 
had some 20 or 25 pilots, not only from the N.A.C.A. 
but also from the services and the industry, fly it with a 
wide range of stability settings. One typical result of 
these flights is shown on Fig. 1, which is taken from data 
published in N.A.C.A. T.N. No. 1936. The present 
flying-qualities requirements call for an airplane to 
have lateral-directional damping such that it will fall in 
the region below the solid line on the figure. We have 
flown our airplane in this region and invariably get the 
answer: ‘Yes, if you put the airplane in this region, 
most everybody will think it is satisfactory.” How- 
ever, we have also flown it up in the shaded region, 
which is labeled ‘‘tolerable,’’ and the pilots generally 
come back and say: “I don’t particularly like this but 
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Fig. 2. Effect of altitude on directional damping. 


in emergency conditions I can continue to fly the air 
plane. It takes more concentration and I would not 
want to do it too long, but I can fly it.” Beyond the 
boundaries of this shaded region, we have actually 
found conditions in which the pilots have considered 
the characteristics intolerable. The definition of these 
boundaries should not be interpreted too strictly. 
There are actually places beyond it which we have not 
been able to explore because of the limitations of our 
apparatus. However, on other parts of the chart 
where we have gone beyond the shaded region, the pilot 
comes back and says: “‘If this thing happened to me in 
a normal flight, I would have serious difficulty handling 

What I am proposing is that aircraft design practice 
should be to design the airplane to fall in the ‘‘satisfac- 
tory” region with the automatic stabilization apparatus 
operating but that, at least for the present, if the auto 
matic stabilization apparatus fails, it will be permissible 
for the characteristics to deteriorate to the extent that 
the airplane falls in the “‘tolerable”’ region. Gradually, 
as our confidence in the reliability of the automatic 
stabilization apparatus increases, this last stipulation 
would be relaxed, and eventually the continued opera 
tion of the apparatus would be a necessity for continued 
flight. 

The possible benefits that would be gained if we fol 
lowed this recommended course is demonstrated in Fig. 
2. This figure shows the effect of increased altitude of 
operation on the directional damping. The ‘‘satisfac- 
tory” boundary is essentially that shown on Fig. 1, al- 
though it is expressed in a different manner. As the 
altitude increases, the damping decreases, and when we 
design airplanes to operate at 40,000 instead of 20,000 
ft., as is the current trend, the requirements of tail size 
are going to be considerably greater. Furthermore, on 
a swept-wing design we start out a lot worse off, and 
soon, if you use normal ratios of tail area to wing area, 
the airplane will be up in the unsatisfactory region. 
The bottom line on Fig. 2 shows this same airplane with 
a readily achievable amount of artificial stability fed 
into it. Such an airplane would have a considerably 
smaller vertical tail than one that attempted to achieve 
the same purpose by purely aerodynamic means, and 
this would show up, I believe, in a considerable weight- 
saving. 


The same application can be made with regard to the 
longitudinal stability. For example, we have made 
some computations with regard to a typical transport 
airplane and have assumed that the automatic stability 
apparatus is arranged so that it will move the elevator | 
deg. for each degree change in angle of attack. This 
would provide an added amount of longitudinal sta 
bility sufficient to shift the neutral point back 15 per 
cent M.A.C. This could be used either to increase the 
range of permissible loading conditions of the airplane 
or to substitute for a given amount of tail area. 

In summary, I am suggesting a change in our design 
approach from the present, in which automatic stabiliza 
tion apparatus is used as a purely supplementary device, 
to a point where it is used as an absolute essential to the 
flight of the airplane and as a substitute for a significant 
amount of the stability now supplied by the airplane 
aerodynamics. This obviously will require consider- 
able improvement in the reliability of the automatic 
stabilization apparatus, and an expedient such as 
duplication or triplication which is now resorted to in 
the power-boost field presumably must also be applied 
to the automatic stabilization apparatus. Further 
more, to exploit fully the possibilities of artificial sta 
bility, its use will have to be integrated in the initial 
design rather than resorted to somewhat as an after- 
thought, as is presently the case. 


Electronic Aspects 


By 
Paul R. Adams 


We have been asked to consider first what can be 
done right now. I think this is one of the reasons why 
most of the people have so far talked about just stabili- 
zation—getting artificial stability—rather than about 
the more ambitious phases of servo-control. Neverthe- 
less, I wish to speak about fully automatic control and 
especially about automatic landing. 

I have been primarily interested for a long time in ILS 
automatic landing—that is, actual automatic touch- 
down. Jt has taken me considerable time to decide 
we weren’t yet able to do it with enough reliability to 
justify commercial adoption of zero zero minimums. 
You understand we have made many fully automatic 
landings. So have many other companies. It is only 
after you have done a lot of it that you realize it is not 
yet safe enough to depend on under bad conditions. 

However, I am convinced that the servo is here to 
stay. It is perfectly logical to say that it shouldn't be 
used until it is perfectly reliable and perfectly accurate 
and perfectly safe. But the world is not logical. The 
world didn’t wait until the airplane was perfectly reli- 
able and perfectly safe. They just started flying, and 
then airplanes had to be made better or else. 

In the same way men are now beginning to make 


more and more use of servos, perfect or imperfect. 
Therefore, it is up to us to make these safe; because, 
ready or not, I predict we are going to use servos. The 
growth of this tendency is not only in aeronautics but 
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everywhere. Servos have been doing many jobs very 
well, jobs that 2o man and no other machine can do, and 
now we cannot get along without them. 


One of the things that we electronic engineers have 
been interested in is to make the automatic landing do 
what we know it ultimately will do—be better than the 
human landing. So far, it is very far from that. An 
automatic pilot properly coupled to the ILS receivers 
can land in good weather (with another pilot watching) 
on a runway that is rather wide and long. Buta human 
pilot would be terribly bad if he couldn’t do that before 
he first soloed. 


A good automatic landing should touch you down and 
stop you on a runway only 10 ft. wider than the span of 
the two main wheels and in a stopping distance no 
longer than the distance required for braking plus 200 
or 300 ft. (to take care of gusts); then you should be 
able to do much better. 


Obviously, the job of landing a large fast bomber on a 
carrier for the Navy is a difficult job for a human pilot. 
They are trying to make larger carriers to carry larger 
airplanes, but one of the possible alternative solutions to 
the problem would be to use automatic control to make 
an airplane land in a much more limited spot. An air- 
plane can be catapulted from a standing start to full 
flying speed in a few scores of feet. There is no reason 
why we coudn’t fly back down a catapult if we really 
knew what we were doing. 

Seriously, I think, in my lifetime, we are going to see 
automatic controls practically flying an airplane back 
down a catapult and stopping a large bomber on a 
carrier so small that you can’t put the bomber below 
deck. We are not limited by the physical size of the 
ship. The carrier will not sink under the bomber. 
The reason why we can’t do that now is simply that 
we don’t know accurately what we are doing. It is 
simply that the control job is being poorly done. 

We haven’t begun to scratch the surface of what can 
be done with automatic control of flying. New tech- 
niques are coming forward which may soon increase the 
speed and accuracy of flight control by an order of 
magnitude or more. Some of the techniques discussed 
by General Kelsey, such as measuring the relative air 
motions by yaw vanes and angle-of-attack indicators, are 
beginning to be accepted in automatic flying, although 
they are still fairly new. Also, some of the devices 
referred to in Mr. Draper’s discussion are generally 
accepted, though fairly new. 

I want to call your attention, particularly, to one of 
the factors which is accelerating this revolution in con- 
trol engineering, this constantly increasing utilization 
of the servo—aside from the obvious fact that we are 
now making the servo components much better. Why 
are we using servos for so many more complicated jobs 
and so successfully ? 

One reason is that we have stopped trying to figure 
out what we are doing and are letting machines do this 
figuring for us. We have stopped trying to solve the 
more complex equations by hand on a piece of paper and 
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are, more and more, using analog computers in the de- 
sign stage. 

These are not the marvelous and enormous digital 
computers so widely publicized as almost like a human 
brain. I claim that they aren’t even really computers 
at all. They are more nearly simulators that permit 
solving the complex computer problems by a sort of 
cut-and-try process, using adjustable circuits or servos 
to represent the winds and the airplane motions and the 
control surfaces, etc. 

The problems they solve by cut-and-try can be writ- 
ten down as differential equations by ignoring a few 
limiting conditions, but they are often messy equa- 
tions—say of the seventh order. A mathematician 
could probably solve such an equation fairly well by 
reducing the seventh-order differential equation to a 
seventh-power algebraic equation and then having it 
figured out by a sort of arithmetical cut-and-try method 
by a corps of girls. But he wouldn't have enough time 
to make enough tries to find out what was the really 
best way to solve the problem because he would be so 
busy solving the equation that he had set up to repre- 
sent the problem. 

The analog computer or simulator, which almost 
every aerodynamicist and servo designer lives with now, 
is doing the job of mathematical thinking for us and 
doing it much better, because of the fact that it handles 
the problems or equations very fast and because it will 
take care of limits and boundary conditions that don’t 
fit into the pencil and paper method. Many of the engi- 
neers who are newly growing up in this field are learning 
to think of a certain simulator setup as directly repre- 
senting their real physical problem; they don’t think of 
the computer as solving mathematical equations that, 
in turn, represent the physical problem. For them it is 
primarily a simulator. 

Others who have had a lot of experience in represent- 
ing physical servo-problems in operational notation 
think it easier to learn to translate that notation into 
integrater hook-ups and feedback loops than to think 
directly in the latter form. For them, therefore, the 
machine is a computer. 

In either case it is now recognized that the analog 
simulator (or computer) is a respectable way of doing it. 
It doesn’t mean that you aren’t educated. Just as it 
has been found that for sheer accuracy a machine can 
fly a plane better than a pilot, so also we engineers are 
beginning to recognize that it is perfectly respectable 
to have a machine for part of our engineering. 

I want to point out one other thing. There are two 
machines—two types of computers in general use—the 
high-speed electronic type and the ‘real-time scale’’ 
electromechanical type. The “real-time” machine is 
high in cost, and in some quarters there is an impres- 
sion that it is the best machine to use for all work. 

The fast-time machine is, now at least, as widely used; 
yet some people still consider it inferior because it is 
available for a low price. Actually, I consider that the 
fast-time type is better than the ‘‘real-time’’ machine 
for most initial design work. 
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AERONAUTICAL ENGINE 
You may think you don't care if a machine goes 

through its formula within | min. or within 1 60th or 
1/1,000th sec. But if it is fast enough so that you see 

it as you would see a moving picture, you can see trends 

and the influence of the parameters, and you can get 

approximately where you want to in a few hours or, at 

most, a few days. 

If you do it the other way, the machine is just slow 
enough so you can’t rely on memory but instead must 
make a record of it. 
job, and that is slow. 


Then you have a bookkeeping 
The way you use these slower 
machines is that you run off a recording with certain 
settings and you make a record of all the conditions of 
the setup and an index of it. Then later you forget 
what happened, and you have to look back and take out 
With the fast 
machine you forget, but you try all over again. If you 
have a fast machine, you can find out all over again 
quicker than you can look up the records. 


three recordings and compare them. 


The fact is that both machines have their uses. The 
fast-time type is in my opinion much better for pre- 
liminary design. The ‘‘real-time’’ machine, however, is 
generally conceded to be the best one to be used in the 
later stages. 

In addition, the ‘real-time’? machine has the great 
advantage that it can be used for actual testing of com- 
ponents of the system under simulated flight conditions. 

The relative advantages of the two types of machines 
were well illustrated by some work done last year jointly 
by our Mr. Alexander and the Air Force’s Pat Kelly, 
who was killed recently in the crash of the All-Weather 
Experimental Airplane. Just before he was killed, he 
was working with our company. He had a “real-time” 
machine, and we had one of the other type. 

We were working out some problems on automatic 
landing in windy conditions. One of the things that 
we discovered all over again (although I know that at 
least several others discovered it earlier than we did 
was the fact that when you are trying to fly on an auto 
matic landing course you should not try to keep the 
plane flying straight. 

You take an ordinary automatic pilot, and when the 
airplane turns from its heading, it immediately acts to 
get it back to its previous heading. Actually, the first 
thing you should do is just disconnect that heading 
control, because, when the wind hits the plane from the 
left and blows its tail around so as to head it to the left, 
you ought to let the plane weathercock into the wind. 
You can make the errors about eight to ten times less 
if you leave the airplane free in heading. 

Well, we guessed that this might be true, and within 
a few hours we had tried it on the fast machine and 
found it was true. Then Pat Kelly tried it on their 
“real-time’’ machine, and it was proved definitely true 
that the heading control should be taken out when you 
are trying to fly the airplane along a particular course. 

This, of course, led us to carrying the principle still 
further. We said: ‘Suppose we had a yaw vane and 
used it to increase the weathercock effort,’’ and we tried 
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that on the simulator and proved that this could make 
it still better. 

These experiments were all performed on the fast 
simulator first and later checked on the ‘‘real-time’”’ one. 
The new methods weren't tried out in actual flight in 
any of these experiments (but were later confirmed by 
flights made by others). 

When we tried working with this machine, we soon 
became convinced that this was a remarkable new tool. 
We weren't the first to learn this, of course, and we 
won't be the last. I just wanted to call it to your 
attention, because perhaps 20 per cent of you aren't 
using those machines, and I figure that, if you don’t use 
a servo-machine where you can, you are old-fashioned. 


Aircraft Design Aspects 
By 
A. L. Klein 


I am an airplane designer, and I am against almost 
everybody so far. 

First, with regard to General Kelsey, I would like to 
point out that one of the first weapon systems developed 
was used by primitive man; in this system the weapon 
returned to the hand of the user if it didn’t hit anything, 
and it had no gadgets of any sort. This boomerang 
was a programmed automatic flight device. I don't 
think our mathematicians have caught up with it yet. 

When some of our people talk about setting up equa 
tions of motion and putting them in analogs and coming 
out with what they should do, we think they should 
start in with the first device, the boomerang, and solve 
that first, and maybe they can take something that has 
more degrees of freedom in the device itself. 

In this business there is a radical and sharp division of 
fields of interest. I happen to be in both of them—the 
commercial and the military fields. What goes in one, 
doesn’t go in the other. It is well for all of us to keep 
remembering all the time that we have airplanes making 
hundreds of landings a day at commercial airports, and 
something like 99 per cent reliability would result in 
each major newspapers having a chance to put in head 
lines: ‘Crash at the Airport Today.’’ That is, our 
own airport, because we would have more than one a 
day if we only had 99 per cent reliability. We have to 
have at least an improvement of two orders of magni 
tude or even better than that, maybe three, to tolerate 
automatic systems for commercial aviation. 

I don’t know what the number of daily flights is. I 
know there are some 75 a day scheduled between New 
York and Boston. This is just one intercity operation. 
So just remember that you would have to have an 
extraordinarily high degree of reliability in order to toler 
ate automatic devices in a density of operation where 
you are endangering the lives of a number of people 

The airplane designer's task is to make an airplane 
These 
two demands are not separate from each other. The 


that is a safe device and an economic device. 


cost of a major air-line accident, as an example, is 
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extraordinarily high—not less than $12,000,000 and 
maybe closer to $25,000,000. 

To say that you can afford an accident is nonsense. 
You can’t afford it, even for financial reasons, no matter 
what we feel about the other things. 
too many accidents. 
sure of our reliability. 


One accident is 
Therefore, we must always be 


Mr. Draper said something about automatic tele- 
phones. We put in 
the first city dial telephone system, and I can tell Mr. 
Draper that it didn’t work, because you could dial 
various numbers and only one time out of three did you 
get a number. 


I lived in Los Angeles as a boy. 


Now, after 50 years of development in 
this field, we still have a lot of trouble. In fact, when 
the Bell System put in their Mark 4-cross bar telephone 
system here, the cross-bar exchange, much to their 
astonishment, became manic-depressive, and under cer- 
tain circumstances it would close all the switches and 
just stop. We have these examples before us in allied 
fields of automaticity to remember. 

Somebody said something about reliability of aircraft. 
A year or so ago I made an analysis. It was crude. I 
made an analysis of the C.A.A. Daily Trouble Reports, 
and I found that 50 per cent of the reports showed 
engine troubles; 25 per cent, approximately, were 
gadgets; 24 per cent of them, approximately, were things 
that wiggled on the airplane 
devices, landing-gear doors, and the rest of these mech- 
anisms. 


doors, control service 


Only 1 per cent of the reports showed aircraft 
structure trouble. 

There is a good old motto for the airplane designer: 
“If you don’t want to have trouble, bolt it up tight and 
don’t let it move.” 

I understand that Mr. Ciscel is in favor of power 
boosts. I was a codesigner of a Douglas power-boost 
system about 19 years ago. We used it for about 1] 
year, then we took it off the airplane. We found it flew 
better without it. 

The reason we don't like to use power boosts is the 
following: They are a mechanism. It is a piece of 
automatic mechanism, with all the features of an auto- 
matic mechanism. It is an amplifier. It can howl, 
scream, etc. 

An airplane has an extraordinary number of degrees of 
freedom. It has freedom of motion and 
It has 
deflection modes, such as antisymmetrical, torsional, 
elevator modes, and things like that. When you get 
through counting up these things, it takes at least 24 
variables to represent the simplest modes of oscillation 


of an airplane. 


It isn’t rigid. 


control—at least nine simple degrees exist. 


If the natural frequency of one of these 
boost devices happens to synchronize with any one of 
these, then you may be in real trouble and have pieces 
flying off the airplane. 

It isn’t one mode you are adding. You are adding at 
least 20-—maybe 100—every time you put in a power 
boost or an oscillator, and you increase the possible 
modes of operation of your gross device enormously. 
We now handle 20th- to 30th-order matrices in order to 


8 


SYMPOSIUM 53 


run these things down, and yet we can’t foresee all of 
them. 

We feel that the fewer degrees of freedom that you 
have to your gadget, the better off you are. We havea 
better chance of taking care of the ones we have. But 
the more you put in, the more troubles you are likely to 
have. 

In addition, the mechanism itself is subject to certain 
troubles. About 5 years ago, at an I.A.S. meeting, I 
had an argument with a group of pilots concerning the 
control forces, and I expressed a personal opinion that 
pilots are much too lazy. By law, they work only 6 
hours a day. They get very high pay and all sorts of 
A guy down here on the street, driving an 
intercity bus, with about the same number of people 
behind him, works § to 10 hours a day and receives per- 
haps a tenth of a pilot’s pay. He has to work. 

I don’t know why we should make these controls so 
delicate. They are so delicate that, if somebody in the 
cockpit falls against them, there is great danger that 
the wings of the plane will come off. 

So far as automaticity is concerned, there are two 
kinds. They are what I might call “wrong base’’ auto- 
maticity. Most of us have had trouble with automatic 
cowl-flap controls, in which an engine has a certain 
temperature, and you figure out what it is going to be 
5 min. later, and you run a motor or something that will 
move the cowl flaps to the right position. 

We have one of these on a current production airplane 
that doesn’t work at all. It has gone through innumer- 
able tests, and it doesn’t work. We are forced to do 
this by the user. 

We have another airplane 


protection. 


the A-26—that doesn’t 
have any device on it whatsoever, but it has automatic 
cooling. That particular airplane happens to be a 
success because the cowl flaps are in such position that, 
when you open the throttle, additional exhaust-gas jet 
action serves as a pump, which increases the airflow 
through the cowl flaps, and the cowl flaps only have to 
be set for outside air temperature. You can run the 
power up and down, and the engine cools all the time. 
In this case, the amount of cooling the engine gets is 
based directly on what is happening in the cylinder, and 
you are using that effect to produce 
We 


the correction. 
This was an accident, of course. were not smart 
enough to build things this way. 

As far as complexities go, there are two kinds: (a) 
parallel complexity, as represented by a manual tele- 
phone exchange. In this kind of complexity, if some- 
thing goes out, you just don’t use that thing. It 
doesn’t affect the system at all. (b) The other sort of 
thing is sequential complexity, where you have a long 
chain and, if any link in the chain goes bad, you are in 
trouble. 

This nine-horse parlay is the sort of deal that you 
have in an ILS coupled-autopilot landing system. 
You are presupposing that system is working properly 
and that the ground is dry, or wet, and that it is set prop- 
erly. You are assuming that the receivers on the air- 
plane are functioning properly and the coupler is operat- 
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ing properly, and you assume that the airplane is bal- 
anced with its c.g. within its proper range. If all of 
these things are right, the system is safe. But with 
this sort of system, there are many chances of error. 


As far as the future is concerned, the key to the future 
is simplicity. If we can only get back to the prototype 
of our weapon system—the boomerang—we are “‘in.”’ 
This makes it a machine-shop iob, and once it is that 
way, there isn’t anything wrong or anything to adjust. 


The other thing that we have to do on these things is 
to analyze the possibilities of failure, and those of us 
who have been in the missile business know how hard it 
is to analyze or to anticipate all possible failures. A 
typical missile development group has fired a missile, 
and they look at their telemeter records and try to 
figure out——‘‘What the hell!’ With that, I will stop 
and may say something more later. 


Electronic Aspects 


By 
B. H. Ciscel 


The people from the services have spoken their piece 
and said what they want in the way of performance and 
reliability. The people from the research groups have 
spoken their piece and said what they want in the way 
of performance and reliability. You have heard from 
the airplane or air-frame manufacturers and what they 
want in the way of performance and reliability. And 
now, thoroughly in keeping with tradition, they turn to 
the equipment manufacturer and say: ‘‘How about it?” 


Well, the equipment manufacturers have become 
accustomed to this situation. The first automatic pilot 
was flown in 1913. That means that for 40 years we 
have been hearing many of these complaints. We have 
been getting people to accept the equipment that does 
the things that they have asked for it to do, and I think 
that our record over the years has been very good. 


Courtesy Minneapolis-Honeywell Regulator Co 
MH-15 and MH-20 helicopter autopilot calibrator and amplifier 
assembly. 
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Courtesy Minneapolis-Honeywell Regulator Co 


The control-stick component of the MH-15 helicopter autopilot 
system. 


I haven't any idea how many automatic pilots the 
Sperry Corporation has made. I know we have made 
around 40,000. Both Sperry and _ Eclipse-Pioneer, 
Bendix, have made a great many. A reasonable esti- 
mate might be 100,000 automatic pilots versus a few 
documented reports of failure of automatic pilots result- 
ing in destruction of aircraft. That means that, in our 
design of automatic pilots throughout the past, we have 
done pretty well in, as Mr. Draper says, “fighting for 
those extra ounces,’ and yet producing equipment that 
has reliability built into it. 

Before we get into answering the various questions 
that are going to come up and get to the state of charges 
and denials, etc., we should define some of the current 
types of equipment. 

he people who are building automatic pilots see 
them classified in various ways, one of which is called the 
“relief autopilot.” This was the sort that was first 
flown. This is the equipment that the air-line pilots 
need, in addition to low control forces, to keep them 
from becoming tired. It holds the airplane still for 
them while they are flying, so they can watch other 
things. The relief autopilot has had a long and useful 
career in eliminating pilot fatigue. It still is very high 
in demand. 

Che “bombing autopilot’ became prominent during 
the past war, when it was proved that the automatic 
pilot could do more accurate bombing than in the human 
pilot trying to follow an indicator. 
day. 


That was a great 


Starting along about 1947 or 1948, we began to get 
demands for what we called ‘dynamic dampers,” the 
sort of thing Mr. Milliken talked about in connection 
with these artificial stabilizers. Over the past 5 years, 
we have seen an increase in demand for single-axis yaw 
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dampers up to four-axis dampers to handle all sorts of 
unstable and complicated aircraft. 

We have been faced with the problem of building up 
what we call “‘fire-control automatic pilots” for tying 
into radars and computers. This is an example of a 
situation where the human pilot reaction time is not 
fast enough to satisfy the dynamic requirements. 


Finally, we have come to what we call the “complete 
autopilot,” and that name is derived from the fact that 
it has a lot of auxiliary black boxes, for beam following, 
etc., leading up to the monster-type devices as the 
“master sequence selector,’’ described previously. 


Even though we have this broad range of equipment 
that we are supplying, we find that we must continually 


change our sights to meet other demands. For ex- 
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ample, the one thing that is missing from this panel is a 
procurement agent—somebody watching the bankroll 
of the company involved. ° 

Our equipment must be competitive economically, as 
well as in function, size, and weight. As a result, we 
must look carefully at the mechanization of various 
flight-control systems, so that we don’t have so many 
gadgets that the system is not salable or serviceable. 

Yet, we have come up with newer equipment with 
performance to satisfy the dynamic requirements of the 
next generation of aircraft, even though we find our- 
selves continually hemmed in by requirements covering 
size, weight, temperature, and vibration. We feel we 
are doing an adequate job, and we look forward to hear- 
ing the comments of this symposium that we might have 
further guidance. 


Discussion 


Chairman Warner: Others are no doubt struck, as I 
was, by the enormous emphasis that has been placed on 
reliability and by the different complexion that the 
whole problem of automatic control assumes in flight 
operations when the improvement of reliability has 
reached a certain stage. 

The difference between 10 per cent failure and one- 
tenth of 1 per cent failure is a difference in degree. The 
difference of one-tenth of 1 per cent and one-millionth 
of 1 per cent is something else. When it gets that low, 
you can act on the assumption that there aren’t going 
to be any failures. You can design aircraft to use auto- 
matic control on the assumption that you are always go- 
ing to have it (just as you assume you are always going 
to use two engines or more), and you don’t design to 
“fail-safe’”’ You duplicate enough so that you can 
assume that you will never fail completely. 

How near we are to attaining that infinitesimal proba- 
bility may be further developed in subsequent discus- 
sions. ... 

Admiral Hall: I would like to ask Mr. Draper if he 
has considered the extraordinary difficulties we have 
met at times in obtaining adequate numbers of 
components commercially in peacetime, particularly, in 
competition with television and radio sets, and the prob- 
lem we might be introducing into our aircraft when it 
comes to rapid expansion of numbers in times of war? 

Perhaps Mr. Ciscel can also give us some ideas on 
industry's ability to furnish reliable components or ade- 
quate devices quickly when we need them. 

Mr. Draper: On the matter of getting more reliable 
systems and components, I feel that you are in the same 
situation here that you are when you consider the pur- 
chase of any aircraft components. You can go down to 
the corner hardware store and for a few cents buy a 3-in. 
bolt that is good enough for certain purposes. But if 
you want it for an airplane, you have the ‘“AN”’ 
stamped on it, and you can't buy it for a few cents. 


The difference is that you really take seriously the 
matter of wanting that bolt to be reliable and good. ... 
The extra money you have to pay is for increased care 
in design, in materials, in machining, and, above all, in 
inspection. The control people can certainly get 
this greater reliability if they are encouraged and are 
allowed to design for it. 

As to the matter of procurement, it seems to me that 
one of the things that the control business has suffered 
from is that the vacuum tubes were common. ‘They 
were cheap. The people who made vacuum tubes 
found it was more profitable to make a lot of tubes to 
some reasonable standards and make them cheap. 
They could let the customer use them and do the 
inspecting. If the tube failed they would simply give 
him another one. 

If you are going to accept this mental attitude, you 
certainly can’t expect tubes that will give the kind of 
reliability we are talking about. On the other hand, if 
you are willing to use the methods of inspection that are 
available today (remembering that the vacuum tube is 
not in itself a large item of expense), I don’t see why the 
components couldn’t be made available and reliable. . . . 

As to how many you can get, I would have to turn 
this question over to Mr. Ciscel. ... 

Mr. Ciscel: I would like to add to Mr. Draper’s pre- 
liminary remarks before saying anything about quanti- 
ties—the point being that dependability is basic quality, 
defined. In bandying a lot of numbers like 98 per 
cent, and failure of one part in a million, and order of 
magnitude, the presumption is that we can measure 
these. 

Actually we find, as equipment or mathematical 
equipment manufacturers, that the dependability 
figure is an evasive operation. It represents summation 
of design techniques, test procedures, inspection prac- 
tices, maintenance, quality, and—above all—accept- 
able performance in service. 


It follows that dependability is a measure of the realis- 
tic attitudes by supply and procurement groups in the 
formulation of specifications covering the system. 
Specification is a horrible word, but it is a good measure 
of how well we are doing in the manufacture of any 
equipment. . . . Specifications covering automatic 
pilots have been growing in terms of details of the equip- 
ment. 

We started out with requirements for the perform- 
ance of systems. We are now faced with detailed 
requirements of each component —knowledge of whether 
it will stand up under temperature, vibration, etc. 
That is all involved in the system. 

So we wind up with both the system and series of 
components, each of which has been built, inspected, 
and tested to rigid specifications, and we say then that 
we have built what we think is good dependability into 
the equipment. 

Unfortunately, that hasn't proved to be enough. 
We come to a point where we are faced with a still 
greater requirement—that of fail-saving or fail-safe. 

This fail-safe requirement is nothing new. We have 
several ways of accomplishing it. As long as we are on 
this subject, we might go into some of the means that 
we have come to use to guarantee dependability and 
safety above and beyond that which is built into the 
inherent equipment. 

This is something, I think, which is of interest to air- 
plane people, because in their structure analysis, etc., 
they build the equipment to a certain degree of safety. 
They use ‘‘factors of safety.’’ Having gotten there, the 
point of going beyond is seldom done. But in auto- 
matic equipment, we have had to come to what we call 
monitoring and limiting systems. The most common 
type is the signal monitor. We look at the signals going 
into that; if they look flukey (we don’t care where they 
are acting), we can disengage the automatic pilot. 

There is also another scheme called the gyro moni- 
toring, where a gyro is affixed to the airplane. To make 
the automatic pilot practical, the gyro responds in such 
a way that the airplane also is in close coordination with 
it. If the airplane and gyro are not responding the 
same, it is assumed that the automatic equipment isn’t 
working. 

Another scheme is that of stress-monitoring. That 
has difficulties in instrumentation, since different parts 
of the aircraft are likely to be under critical stress at 
various modes of the flight, under certain air-speed 
conditions, etc. 

That means that, as you vary your air speed or 
flight conditions, the part you are worrying about may 
not be the thing upon which you are measuring the 
stress. ... 

By far the most common method of building in addi- 
tional safety to automatic control systems is called 
“servo-limiting.’’ This is done by limiting the torque 
... the travel. . .or the amount of time that a servo 
can put in full control... . 

There are accelerometer systems and others. With- 
out defending or justifying them or picking any one as 
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the best (since this will vary with the application) we 


do have adequate capabilities of producing the pres- 
ently known quality and quantities of equipment. 

What may be required in the future—particularly if 
we get into large missile production operations—is a 
good question. Somebody will have to make some ar 
bitrary decisions as to how far we can go into auto- 
matic control equipment. 

Chairman Warner: Now I would like to have some 
questions from the audience. 

Mr. Wenner (W.A.D.C.): In view of the future re- 
quirements, such as transonic flight, swept-wing con- 
figuration, etc., we may be severely limited because of 
operating performance requirements. How much are 
you willing to sacrifice in this reliability that everyone 
mentioned to get your performance requirements? 

General Kelsey: I'm all in favor of automatic flight, 
with the pilot monitoring it. I think the only require- 
ment pertinent to your question is that you shouldn't 
use any of this automatic equipment to get yourself into 
a worse position than you would have been without 
having it.... 

This is not specifically an answer to the question. 
But I think, if you translate it into operational terms, 
what you are saying is that you can only justify the 
superimposing of these equipments that we are talking 
about on flight for a complete dependence on them in 
the pure research field. ... For dependable operation, 
your basic design parameter is that you use this addi- 
tional performance to prove your admission capability, 
but you don't depend on it to get you extended into 
a range that you can't get to otherwise. 

Chairman Warner: Does anyone want to add to 
that? 

Mr. Klein: I think we can say that we don’t know 
how to do a really good job with these types yet. There 
has been extremely limited experience. I feel that, if 
we work on them, we will be able to ameliorate the re- 
quirements on patch-up gear. So far, there are, I think, 
eminent improvements in many of the aerodynamic 
control characteristics and other things. .. . 

So this is a special case. It should be distinguished 
from the military cases. The test aircraft in these 
fields will probably for a long time to come carry a lot 
of equipment that is there to help the pilot if he needs 
it to get through and come out of his difficulties. But 
this gear should be eliminated, if possible. 

Mr. Smith: I would like to hear some discussion on 
how you would handle these problems in connection 
with helicopters. 

Mr. Ciscel: One of the things that has amazed me 
just a little bit is the tone of some of the discussions and 
questions. To go back to General Kelsey’s remarks 
namely, that we could justify completely automatic 
control on research equipment—and now Mr. Smith's 
question about helicopter stabilization, etc., imply that 
we are discussing something that is not already ‘‘after 
the fact.’’ We have already come to the point in our 
technology where this equipment is not “‘breadboard’’ 
or “‘drawing board,’’ as implied. 
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7-DYNAMOTOR 


LEAR L-2 AUTOPILOT 


8—TRIPLE SERVO 


9-FOLLOW UPS 


Courtesy Lear, Incorporated 


The Lear L-2 is a typical example of a practical autopilot designed specifically for use on light planes. 


In supersonic craft, everything on the drawing board 
and about to be produced appears to be in need of the 
sort of artificial stability equipment that Mr. Milliken 
has discussed. We, of course, are in a position to sup- 
ply that equipment and are very much concerned over 
the problems that it involves. On the other hand, as I 
also indicated, the requirements for adding artificial 
stability are different in terms of the amount of author- 
ity that is required of the automatic control equip- 


Artificial stability derivatives, although possible to 
obtain through mechanical or manual controls and sys- 
tems, appear to be more feasible through electronic 
devices. The helicopter, itself, is difficult to fly and 
has been made much more acceptable in terms of pilot 
operation and pilot fatigue by the addition of two in- 
novations—one, the hydraulic boost and, lately, the 
completely automatic pilot. 


So, as I said at the beginning, I am just a little 
amazed at the tone of the discussion—that we should 
think that these things are all in the future and should 
question whether or not we should go to them. They 
are already here. We have gone to them (and it has 
been done by people of good engineering judgment) as 
being the way that appears to be most feasible in ac- 
complishing certain desired end results. 


J. C. Hunsaker (M.I.T.): I have an idea that we are 
approaching a kind of a barrier. Some engineers think 
that the automatic control devices should be applied in 
such a way that, if they failed, they would fail-safe. 
That is an implication that the airplane can still be 
handled by the human. And if we said that we would 
not use automatic devices unless the airplane were still 
flyable, we would stop progress in the art. 

Now with the use of electronic and other devices in 
aircraft and missiles, we are being pushed up into re- 
gions where the human pilot, except for his function of 
judgment, may be quite helpless and certainly help- 
less if his device has failed. 

The only way such devices may be ‘‘fail-safe’’ is that 
we duplicate the flying machines, leave the pilots at 
home, and produce more of these devices. 
someone should raise the question: ‘ 


So perhaps 
‘Has the human 
pilot any business to be flying at supersonic speeds and 
up into ultraterrestrial heights?”’ 

Mr. Goett: I have been trying to put myself in the 
position that Mr. Klein has chosen to take and have 
tried to figure: ‘“‘Well, okay, now the operational peo- 
ple have asked us for certain things.” But how, if we 
don’t use automatic control, are we going to meet their 
requests? 

To make this question specific, take the request of 
Mr. Pike, from the standpoint of his cruise control, 
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Designed for rugged use in high-flying aircraft, the new Gavco 

Exciter Voltage Regulator, Model 13RG-B, incorporates many 

electronic innovations for quicker response, safer operation, and 
more stable regulation. 


whicli is a real tough one to me. I’m not even sure 
that it can be met automatically. Just what auto- 
matic or aeromatic means, Mr. Klein, would you 
propose to meet this close control of speed ? 

To make the question a little bit broader and cover 
one of Captain Jensen’s questions about all of the in- 
struments he has to watch: “‘By what means, other 
than by making some of these operations automatic so 
that they don’t require the pilot to look at them, are 
you going to accomplish these requests?” 

Mr. Klein: Well, of course, I don't know right off the 
cuff how these requirements should be achieved. One 
should, of course, make a preliminary investigation of 
the possible ways ot achieving these things. For in- 
stance, if improving the longitudinal stability is a de- 
sirable thing to do, it is possible to do it by adding a 
counterbalance weight below the column. It has been 
done on several airplanes. And this is just a plain 
weight. It doesn’t ordinarily weigh as much as an 
autopilot and certainly has less maintenance than an 
autopilot. ... 

This may be one way of doing it. Ordinarily, we try 
to solve this sort of question by a multiple attack and 
then make an assessment of the advantages and dis- 
advantages of each method. This is the only way I 
know of answering such problems. 

I would hesitate to say offhand that I could accom- 
plish them by purely aerodynamic means. At the 
same time, I would hesitate to say it was necessary to 
use electronic means exclusively. I believe rather 
firmly that anybody who says, ‘““You must do a thing 
this way or that way,’ isn’t being an engineer. He is 
being a salesman. 

So you have to remember that you have an objec- 
tive to achieve, not a method of achieving the objec- 
tive. The objective itself is the important thing. 
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Dunston Graham: I would like to ask if it isn't 
true that the aerodynamic method of controlling speed 
is drag and that drag is the last thing you want to add? 
The weight, as I understand it, will decrease the speed. 

Mr. Klein: This is possibly true. But everything 
on an airplane is drag or it is weight. The drag causes 
increased fuel consumption and, therefore, weight 
The weight is something you have to carry around, and 
therefore it causes drag. 

We always (for any type of airplane) calculate the 
equivalents of drag and weight. . These are things 
that can be shifted back and forth. You consider them 
as a unit quantity, which you might say is efficiency. 

General Kelsey: There is another aspect of this. 
lhe problem here is holding air speed, and it is sort of 
pathetic that we have air-speed indicators and power 
controls and that there is no way of getting the two to 
gether. There is a challenge to the industry and the 
rest of us to bring out these indications in forms, power 
circuits, and outlets that we can apply to other inputs 
or input sockets, if you will, which will enable us to use 
them. 

The basic element of this, it seems to me, is: “‘Do we 
put in some circuit that automatically removes from a 
pilot or a crew the means of observing operation and 
perhaps correcting it or monitoring it?’ This is not 
necessarily true. But there is no reason why you must 
have an air-speed indicator showing a given figure and 
have some member of the crew watch this and manually 
move a lever. This response is so simple mechanically 
that it should be applied directly, with the crew provid 
ing a judgment control on top of this... . 

When you stop to think of instrumentation, we have 
some few things to hook together. We don’t have 
standard outputs. If we want to have a pilot input, 
that has to be built into the autopilot. We can’t pick 
air speed and put that in, because there is no compatibil 
ity. 

The essence of this thing, probably, is not can you 
build the airplane to do it without it, or do you have 
to have it, but how do you match these things so that, 
if you want to do it, you can do it right now or in the 
future without getting into complications? 

Mr. Klein: What you are asking for is a metering 
injection carburetor. This is a mechanism that does 
exactly that, and it has no power to it other than the 
fuel pressure. 

General Kelsey: That was one of the things we 
found on an automatic flight. We found a great many 
of them which you could short-circuit, and you got 
direct response elements that took care of themselves 
with remarkable simplicity. You didn’t anticipate it 
until you separated these things and made it possible to 
get any combination. 

As a typical illustration, one of the things that pays 


off is pulling up the landing gear. In some cases, being 
able to pull up the landing gear in heavy flight con 
figuration is a valuable asset. 

Mr. Milliken: It seems to me that a particular 
damper developed and used is practically the coupling 
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ELECTRONIC 
device you are talking about. In other words, the 
damper picks up air speed, or some other indication in 
the airplane, and simply moves a tab or small surface 
or something to give you the necessary damping. 

This is an extremely reliable device. Furthermore, 
if it quits at any point in its operation or if the thing 
should go bad, it still could not do anything to the air- 
plane which would be appreciable. You are simply 
trying to put damping into oscillation, which has es- 
sentially no damping. 

I personally feel that, if Mr. Klein were faced with 
the problem brought up by Mr. Pike 
little bit of damping 


of putting in a 
he would have to wind up with a 
damper of this type. 

Mr. Klein: This is a simple mode of operation. 
This isn’t damped. But what the other thing is, I 
am not prepared to say. It is electronic right at this 
minute. I would like to think of other ways of doing it 
first. 

Mr. Guyzer (Boeing): We have all been fairly en- 
grossed in being engineers for the last 5, 10, 30, 40, and 
in some cases, 50 years. By now, most of us know how 
to design at least one item and do a pretty good job of 
it. 

We have been emphasizing the learning process for 
As 
yet, practically no thought has been put on the business 
of the theory of maintenance or the theory of what 
causes failures. It seems that each member of the 
panel to one extent or another has commented about 
reliability. It seems that now is the time to sit down 
and do some serious thinking about what the basic 
cause of failure is or what the basic theory of main- 
tenance is, 


the last 5 or 50 years on learning how to design. 


We are at the point where we can build 
All we have to do now is to make them work. 

Mr. Draper: 
that reliability and how you get maintenance are prime 
problems. 


things. 
I would just like to mention again 


To make 
a gear that will work under conditions of operation and 
will provide within itself the means of determining 
what has gone wrong if it does go wrong and to bring it 


You can make a gear that works. 


up so that it is easy and simple to fix (from the stand- 
point of maintenance) is the primary objective. 

I intended to make this the main theme of my re- 
marks—namely, that this is not an impossible thing, 
but that you do have to give the same kind of thought 
to it that you would to the maintenance of your engines, 
ete. 

Mr. Ciscel: I cringe a little bit every time I hear the 
word electronics used with respect to automatic pilots, 
because there is a great deal more to it than just elec- 
tronics. The tubes are part and parcel, and we feel in 
working with them that there is no point in pretending 
that they are sheep and that the rest of the equipment 
consists of the goats, or vice versa. The system as a 
whole is designed for reliability. 

Mr. Klein: The most important characteristic that I 
have observed in engineering departments is the psy- 
chology of the design group. I have never known a 
successful design to come out of an optimistic attitude 
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in an engineering department. Every really successful 
design I have ever seen—and this is regardless of what 
the design was about—was in a group that was always 
scared to death, afraid that the thing wouldn’t work 

-they were anticipating failures and defects. 

The most successful autopilot I ever saw was de- 
signed by a man I am sure all of you know. He was 
involved in a bad accident, flying in a B-29, and they 
had a fire. A washer fell into a junction box, and they 
lost the entire electrical system. 
gear down. 


They had the landing 
They had the props down and in the lower 
r.p.m., and the airplane wouldn’t fly under these condi- 
tions. They landed in Puget Sound, and he had to 
swim for a distance of !/; to '/. mile with three broken 
ribs. 

This man has designed the best autopilot, with the 
smallest number of tubes of any. That is because he 
realized that electrical failures occur in airplanes. .. . 
This man has a sound attitude toward autopilots. 
He just doesn’t use push-pull amplifiers in them. 
This may be good electrical practice, but it isn’t good 
aircraft practice... . 

This attitude toward the design is, I think, the best 
single criterion. The attitude must be that the ap- 
paratus is inevitably going to fail and going to be ‘‘mis- 
manufactured.” 

Chairman Warner: I suggest that we turn back to 
Mr. Hunsaker’s question. As I recall it, correctly 
paraphrased, it was this: Are we within the prospect 
of having to regard the automatic pilot as being so in- 
dispensable to the airplane that we must provide the 
necessary designed elements and duplications to ensure 
that it will never fail?. . . 

General Kelsey: 
tive. 


I think the answer to this is nega- 
There is no reason why it shouldn’t, eventually. 
On the other hand, I think there is some validity in Mr. 
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Klein's position—that there is no reason to use this as a 
crutch for failure to investigate basic characteristics 
and that there is a tendency in many of these things to 
use supplementary items of this sort as a crutch. But 
as an inherent part, as Mr. Draper puts it, designed 
basically at the start, there is no reason why it can't 
be incorporated. 

One of the questions that came up earlier was: “Can 
we depend on this in the transonic region?’ I re- 
plied by saying: ‘‘Don’t use it if you get into a place 
where it puts you into worse shape than you otherwise 
would have been in.” Perhaps you could modify that 
to: ‘Don’t use any single item to extend your range of 
operation to a point whereby it automatically puts you 
into a position from which there is no retreat.”’ 

Perhaps an automatic pilot or flight is too large a 
system to talk of as a unit. But if you couple these 
things up with inherent stability and control, with 
multiple reserves, it is entirely possible that you can use 
any one of these elements to a reasonable degree. 

Chairman Warner: Mr. Pike, I pass the same ques- 
tion to you. I think you said that the existing jet 
transport cannot be flown satisfactorily without the 
automatic pilot, but I gather that it can be flown 
with the automatic pilot. Do you foresee the pos- 
sibility in the reasonably near future of being unable to 
operate satisfactorily (or safely) without the autopilot, 
so that you would have to assume its continued opera- 
tion as a necessary part of the aircraft? 

Mr. Pike: That is a difficult question, but in the near 
future, I would say, “No.” Air-line operators must 
make provision for failure, and if we carry the argu- 
ment to the extent that we have to have a completely 
satisfactory autopilot that will never fail, we shall pay 
an economic penalty that will destroy the value we get 
out of it. 

It is a mistake to regard the autopilot as something 
that will replace the human pilot at this time. From 
the standpoint of the air lines, we should regard the 
automatic pilot as helping the human pilot to use his 
judgment in doing a better job. If you do that, you 
may design autopilots that are going to work better, 
particularly, if you don’t try to make them do too much. 

Chairman Warner: Mr. Hunsaker, would you like 
to add anything to your question? 

Mr. Hunsaker: I don’t care to ask a question, but I 
would like to make an observation. If we take the 
position that an airplane ought to fly safely without 
the automatic controls, we limit the performance of fu- 
ture aircraft. We are merely using the art of automa- 
tism as a kind of auxiliary to help out. Maybe if we 
were to go the other way and use them to achieve a 
type of performance that could not be obtained other- 
wise, then we would have to depend on these devices as 
primary parts of the flying machine and its system. 

Mr. Milliken: It seems to me that fundamentally we 
wouldn't be talking about putting electronics or auto- 
matic control on aircraft unless we had two reasons. 
The first is that there must be something about the 
basic aerodynamic aircraft which needs fixing up. 
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Second, the operational jobs that we are asking of the 
present-day airplane are more severe than we have 
ever run into. 

In an effort to get to the bottom of this particular 
problem, we have applied automatic control, or rather, 
artificial stability, on a particular airplane to the extent 
that we have removed all of the bad qualities of the basic 
aerodynamic airplane. 

In other words, we have built an airplane by use of 
this particular research equipment in which there are no 
oscillations and in which the airplane has no diver- 
gences. With this aircraft, we hope that we will be 
able to answer very basic questions. In short, for the 
first time in the history of flying, shall we say, we have 
what is a really good airplane. We beheve that with 
this good airplane, we will be able to do difficult tasks 
or, at least, tasks that heretofore have been impossible 
without considering fancy types of automatic control- 
ling systems. 

I don’t think that the average individual, or even the 
pilot, realizes what a poor flying machine a conven- 
tional airplane is. If you put automobiles on the road, 
for example, which had as little damping as the airplane 
does and which had large differences in damping between 
the motion about different axes, you just wouldn't 
be able to sell the automobile to the general public. 

I think that the pilots for many years have acted 
more in the capacity of supplying artificial stability to 
airplanes then, shall we say, in the capacity of sup- 
plying overall guidance. They have supplied a little 
bit of both, but they certainly have spent a great deal 
of their time ironing out deficiencies in the basic aero- 
dynamic airplane as we know it. 

Captain Jensen: I would like to comment on Mr. 
Hunsaker’s latest remarks. I think the discussion of re- 
liability has pointed to the fact that we would like to 
master one art before we move on to the next one. | 
don't think we want to step into the range of both con- 
trol and design for it until we can use this control as an 
aid and an assist. Once the reliability and acceptance of 
that is proved, then weareready to goonintothenext step. 
I think the engineering profession should be leading the 
field and should be thinking about that next step. But 
we should not jump ahead of the game and miss the 
present step before it is solved... . 

Mr. Goett: We have found in these stability flight 
tests that we have been making that the pilot is a 
surprisingly adaptable creature. It is hard to make 
the airplane so bad that he can't fly it... . 

We found in a surprising number of instances that 
we could take directional stability away from him, and 
he still could track as well when he didn’t have it as 
when he did. The big difference was that he knew he 
had been working after it was all over. On the other 
hand, if he had normal stability, it was a lot easier for 
him. 


Therefore, I would say that we might use these de- 
vices so that, while they are working, we would get the 
objectives that Captain Jensen asked for. If the de- 
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Courtesy Sperry Gyroscope Co 


Diagram of the Sperry A-12 Gyropilot illustrating elements of automatic-pilot system and flow-of-signal data among the components. 


vice fails, he has an emergency condition, of course, but 
he works hard, and comes home and manages to land... . 

Personally, I feel that the airplane as we know it, is 
a pretty good beast. Instead of attempting to improve 
it and make it still better by these automatic devices, 
we should merely use these devices in place of something 
aerodynamic, and when the thing fails, the pilot just has 
to stay within the tolerable operating range. 

Mr. Draper: The way I look at this business is that 
you have two problems. You are going to fly an air- 
plane, and that is a complete job. The first part of the 
job is to reduce the effect of interferences from rough 
air and instability to a certain extent so that you can do 
the rest of your job. 

Then the airplane, in effect, must receive certain 
These com- 
mands may be based on following a radar beam, or land- 


commands that come from the outside. 


ing beam, or might even involve some type of fire-con- 
trol problem. 

There is the problem of ‘‘tracking’’ some kind of a 
target. This presents a different problem, because, if 
you are going to do a satisfactory job from the stand- 
point of fire control, you cannot allow the direction of 
your aircraft to wander more than a small fraction of a 
degree. 

So let us talk about something that is really not pilot 
relief. Let us talk about something that perhaps con- 
templates that he is really getting some assistance. 
Let us consider the problem of the fellow who is turn- 


ing out an accurate fire-control job against some kind 
of a ground target in the presence of rough air.... It 
seems to me that perhaps this area is one of the places 
where the essence of automatic control begins to show 
up and be an important thing. 


Chairman Warner: 
amount about the disadvantages of using automatic 
control. We have heard relatively little about the ad- 
vantages of using it 


We have heard a considerable 


at least on aircraft that have in- 
herent stability and don't need the artificial kind to the 
extent that it enables the pilot to pay more attention to 
his job. I would like to hear more about the other ad- 
vantages, assuming that there are some. 

Mr. Pike, will you say something about the auto- 
matic control of economy operation or loads applying to 
turbulent air and consequent comfort? 


Mr. Pike: On economy, I have mentioned the 
penalty we must pay through failure to maintain the 
optimum incidence. In other words, variations of at- 
titude are causing us air-speed losses. 

Take the air-speed loss over the sector we are operat- 
ing at the moment. We are operating about 10 m.p.h. 
from the optimum. That would represent a pay-load 
penalty of about 700 or S00 Ibs., which means several 
passengers. You must bear in mind that you never 
carry a pound more fuel than you have to, because it 
costs you about half the weight of that extra fuel to 
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Courtesy Ford Instrument Co. 
An electronic subassembly for an air-borne computing device which 
combines accessibility for maintenance with compactness of size. 


There is one other thing that is pertinent to this 
question. I mentioned the importance of the quick re- 
covery. With the jet, you haven't got a constant re- 
serve of power, and it takes three or four times as long 
to recover with the jet than it does with a piston air- 
craft. Therefore, undoubtedly, we should get much 
benefit from perfected automatic control. 

Mr. Little (American Airlines): Speaking with ref- 
erence to domestic air carrier DC-6's, I am of the 
opinion that a modern electronic pilot, with properly 
operating altitude control, will (under the average 
weather condition flights) keep the aircraft on its 
“step.” Our experience has shown that you wind up 
with about a 10-m.p.h. speed advantage if you have a 
properly operating autopilot at a 500-m.p.h. speed... . 

Chairman Warner: Have you anything you can 
add on the matter of turbulence? 

Mr. Little: American Airlines completed a contract 
on thunderstorm research. As I recall it, the N.A.C.A. 
measurements showed that, under automatic control, 
you put only one-third the strain on the aircraft struc 
ture that the experienced air-line pilot would put on the 
same plane without an automatic pilot. 

Audience Member: I would like to inquire what 
type of pilot that was. On a theoretical basis, the alti 
tude pilot would produce more strain and the accelera- 
tion autopilot less. 

Mr. Weisenbacher (American Airlines): This was a 
Sperry job. 

Northwest Airlines Representative: I am wondering 
what the philosophy in the future should be. We have 
currently reduced autopilot forces to the point where 
they will not fly the airplane. They are safe, but they 
don't help you at tie time you need them. In order to 
get interchangeability of components, you must assume 
accumulative tolerances, and you must come out with 
forces that are unrealistic. 

It is my opinion that, if this trend continues, we 
might as well take autopilots out of airplanes, because 
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we will never do a job of work that will be acceptable in 
the type of operations that you have from day-to-day 
air-line service. If it takes the pilot to fly the air- 
plane, you ought to give the autopilot the same job that 
you do the human pilot. 

I wonder if these American Airlines tests were made 
with the 1g limitations and the 40-lb. wheel-force limita 
tions, ete. I don’t believe you currently fly thunder 
storms consistently with the present forces that you 
have from day-to-day use. 

Captain Jensen: I think this problem comes back to 
Mr. Draper’s comment that we need some more system 
engineering for airplanes. In other words, call all of 
the people involved in aircraft design into the picture 
more so than they are now, so that the autopilot manu 
facturer or designer is in complete coordination with 
the air-frame manufacturer, engine manufacturer, etc. 

Mr. Klein: I was told by our autopilot expert just 
before I left the Coast that this situation has improved 
somewhat. But I would like to point out another thing, 
and that is that, if the pilots would drop back on their 
force requirements, we could do a much better job in 
this regard. The trouble is that the inertia of the con 
trol surfaces is one of the limited requirements. With 
the low forces that the pilots asked us to build into the 
airplane, which we achieved with great difficulty, it is 
hard for us to work with these autopilot forces to get 
them to move the surfaces rapidly enough against their 
inertia. These forces are requested by the pilots and 
are not set by the engineering group. 

Mr. Ciscel: There has been a series of questions that 
[ think we could do well to look at. The Northwest 
Airlines representative asked about the forces, and 
whether or not that was all we were doing? Histori 
cally, the requirement for the reduced forces on autopilot 
servos came about as a result of the crash of an airplane 
some 3 or 4 yearsago. The outcome of that was a defi 
nite requirement that autopilot servos be reduced. 

This is something that could be done with resisting 
equipment. The implication that it would be the only 
solution was never accepted by the people in the auto 
pilot industry. We have many other types. We 
talked a little bit earlier about limiting servo travels, 
and doing other types of monitoring, in the hope of by 
passing this problem you have mentioned—i.e., that of 
reducing the servo-torque to a point where it is safe. 
But it is also ineffective... . 

We also mentioned that there are worse things that 
can happen than have hard-over control signals in the 
surface itself. You can build up attitudes and rates of 
descent which are also something to consider in other 
ways than just limiting the control of the servo or the 
torque of the servo. 


\s a result, looking toward the future of automatic 


pilots, we are coming up with these other types of 
monitoring and different automatic pilots. One is a 
differential type of autopilot, where the servo puts in 
small corrections differentially. It by-passes this 
problem of maneuvering through the autopilot, because 
the human pilot maneuvers his own controls. 
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All of those things are definitely coming along, and I 
think they will be much better and sounder solutions 
than this one of just rendering the autopilot ineffective. 

Mr. Adams: Another restriction that has been put 
on autopilots, which seems somewhat unfair, came to 
my attention a few years ago. Pilots, when landing, 
do make noncoordinating skid turns when they are 
close to the ground, not quite in line with the runways, 
and the weather requires it. Otherwise, he would be 
delayed in landing... . 

So here you have a situation where the pilot may 
beat the autopilot because he has different ground rules. 

Audience Member: I don’t quite agree with you 
that the pilot can beat the automatic pilot. We at All- 
Weather have shown on a number of different systems 
that you can get about twice as many approaches 
within the runway limits with automatic approach 
coupling than you can by using the human pilot. 

Mr. Draper: In line with this, we found that, when 
the human pilot was really working at it (putting full 
attention on it), he could do almost as well as the auto- 
matic pilot or automatic gear for 3 or 4 min. But if 
you tried to make him do it for 15 or 20 min.—or if he 
was giving any attention to anything else—he could not 
do so well as the automatic pilot. 

Of course, we are talking about different kinds of 
aircraft—fighter aircraft. But that is the way it 
worked out. 

Mr. Wenner: Assuming that you can meet all of 
your requirements as to reliability and the system is 
fail-safe, what is going to happen when we are met with 
enemy aircraft taking the risk of flying in regions we 
can't reach without automatic control? 

This is one of the things we are faced with and it is 
strictly a military problem. We can’t restrict our- 
selves to regions where the human pilot can handle it 
with some risk in higher speeds or with more maneuver- 
able aircraft. 

General Kelsey: That brings up a whole new field 
that is, battle damage area—the accident induced by 
someone else’s intent. You have reliability not only of 
equipment, but you have reliability of a mission in the 
military sense, and you must couple both of these things 
together. Having committed a given piece ot equip- 
ment and a given crew to a mission, its failure to ac- 
complish the mission may be the result of a great many 
things. 

One of them is its inability to fly precisely enough, let 
us say, and the other one is exposure to malfunction of 
equipment. Another one is exposure to enemy action. 

To illustrate one of the things which we were talking 
about earlier, there were bombers during the war that 
were flown so badly out of trim that a small piece of 
flak, for instance, would cause the loss of the bomber. 
I have actually seen them go into a loop before they 
could be caught. You lose a bomber on account of 
this. You can’t extend your operating range in “‘trip,”’ 
for instance, through servos and artificial stability in- 
ducing forces, carrying them on pieces of equipment 


SYMPOSIUM 63 


Courtesy Doeleam Corporation 
Cutaway view of the Model K Rate Measuring Gyroscope which 
has found wide application in providing derivative damping and 
control signals for guided-missile and aircraft stabilization. 


which themselves are invulnerable to such an extent 
that you lose the reliability of the mission. 

This doesn’t mean that you can’t use servos. It 
doesn't mean you can’t use automatic control or 
artificial stability. But in the design, you must include 
features that will prevent the enemy from being able to 
multiply the effect of his attack to cause a loss of that 
mission. At the same time, you will have to provide a 
certain risk or take a certain risk in order to provide 
performance that will enable you to accomplish the 
mission. 

This thing also goes into bad weather. If you multi- 
ply the number of times that you can fly, regardless of 
weather, by some factor, it is a thing that multiplies 
the number of aircraft in operation. So the whole 
picture has to be evaluated, as well as the reliability of 
any piece of single equipment. 

There is no answer to this. But I think you can see 
it is essential that we consider this business in terms of 
not exposing ourselves to a multiplication factor in 
which, perhaps, the damage by enemy attack is more 
serious than anything else we can have. 

At the same time, you do have to balance this against 
performance. You must have comparable performance 
in this competition. But that involves risk with equip- 
ment that has a certain amount of unreliability. You 
have to take that, too. After all, when you are up 
there shooting at somebody, and he is shooting at you, 
it is not very safe anyway. 

Chairman Warner: I would like to ask some of the 
operational people how grave the obstacles are in their 
opinion, aside from doubtful liability, which would 
stand in the way of routine use of the automatic cou- 
pling in the approach. Would you be ready to use any 
type of automatic control that can now be produced as a 
regular aid to approach? 
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Courtesy Minneapolis-Honeywell Regulator Co 


The components of the MH-11 autopilot which provide automatic stability, yaw damping, altitude control, air-speed compensation, and approach 
control. 


Captain Jensen: Briefly, it is obvious that any pilot 
is going to accept anything that will assist him. In 
other words, if the coupler is reliable and will assist him 
in his job, he is for it. That is true of any other piece 
of equipment. The pilot wants any assist that he can 

Automatic couplers, properly functioning, are going 
to increase the reliability of our schedules. This is 
naturally an economic factor that is going to pay for a 
lot of automatic couplers, and I don’t see anything 
that would stand in the way of their use. 

I think it is obvious that a piece of equipment that 
can spend its full time guiding the aircraft through the 
runway is naturally going to do a better job than a 
pilot whose attention is diverted. 

Chairman Warner: Mr. Pike, you have heard about 
automatic couplers. Can you add to that? 


Mr. Pike: First of all, you must consider what is the 
limitation on the present development of automatic 
couplers. It became obvious to us that, if you are 
going to use the pilot for a long time as a safe device, 
he has to be provided with certain visual guidance in 
the approach to land the airplane. 

One of these days, we will take a jump, militarily 
first and civilian later, but in the meantime you are up 
against a certain limitation—the reaction of the human. 
The time requirements are such that you require cer 
tain visual guidance to land the airplane, and there is 
always some uncertainty. Therefore, you must have a 
certain safety cushion in there. 

There is a figure of visability below which we as air 
lines would not be prepared to operate until the time 
comes when we can accept fully automatic landing. 
There is a further factor that becomes important when 
you start getting down to these low minimums — that is, 
the labor of the airplane itself. We do know now that 
we are far more limited by the bad qualities of the air- 


plane than we are by some of the aids we have spent so 
much time in discussing here. 

If we can get airplanes of lower approach speed 
where the pilot could just press a button and every 
thing would happen at once and at exactly the right 
rate—we could carry out the kind of maneuver that we 
can do regularly on trains with touch-and-go landings. 
rhen we could come down quickly. 

Therefore, we feel that a little more attention of the 
designers to what I might call the approach in the land- 
ing requirements of air lines would be worth while. It 
is one of the things we think is lacking. 

Mr. Adams: There is no doubt that, if you want to 
use automatic control to land, you should change land 
ing gear. You should change the ability of the air- 
plane to steer without banking when it is low, because 
otherwise you are limited. 

Here is what actually happens in autopilot approach 
in experiments we have made. We have arbitrarily 
said that the autopilot cannot bank the airplane to such 
a degree that, if this were the last-second jump down, 
the wing would be as low as the tire. We haven't 
ny adequate way of knowing which is the last second, 
nd therefore we have to act as if each second were the 
last 

If you are not allowed to bank or skid, you are sty 
mied. The autopilot needs more freedom to maneuver 
the airplane the way a pilot would. You also need an 
iurplane with a longer stroke landing gear before you 
can come to really automatic landing... . 

One of the big limitations now is the fact that we 
have, to quite an extent, allowed aircraft to get off the 
path. ... It takes a great deal of time—something 
like '/. mile—if the airplane is off about 50 ft., to get it 
back on the same flight path. 


Therefore, one of the big problems is to make the air 
plane better, and that should ultimately be done. In 
the meantime, weathercocking—long before the air- 
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plane gets off the path—may give the wrong heading 
but never the wrong position. You can make some 
good low approaches under these conditions. 

Chairman Warner: General Kelsey, would you care 
to comment on the rate of progress toward automatic 
landing, and what the prospects seem to be? 

General Kelsey: I would like to get at the other 
angle first, because I think this thing is primarily not 
due to the technical performance of the airplane but to 
the psychological barrier. One of the things that 
bothers pilots is that the autopilot brings along with it a 
tradition of the darndest sets of knobs and gadgets and 
controls that anyone ever created. 

The pilot has to take his attention away from what is 
primarily his job of monitoring and controlling in order 
to run a new and unusual set of controls. If you put in 
an automatic coupling you again hook him into an al- 
most irretrievable position. This is psychological 
not necessarily actual... . 

I suggest that one of our design problems is not neces- 
sarily the technical performance of the equipment but 
the presentation of these things to the operators in such 
a way that they will feel comfortable about it. One 
might suggest that we could put everything in a stick, 
which the military pilots hold normally. If the 
coupling is automatic, the pilot doesn’t have to change 
hands, and he monitors things in a perfectly natural 
manner. I am sure you would have many fewer ob- 
jections in this case. 

It is this feeling that you have jumped into cold 
water, that it is either sink or swim, that there is no 
time to correct it, and that is as much a barrier to cor- 
rect it—it is not the barrier itself. 

Chairman Warner: Does anyone wish to reply to 
what has been said about the responsibility of the air- 
plane designer? 

Mr. Klein: I agree thoroughly with Captain Jen- 
sen—the big trouble today is the insecure position that 
the pilot is in. 
alike. Everytime we have to lay out a new one, it 
comes out differently. 


Instrument boards don't look 


The pilot has the feeling 
that the reactions are presented to him in an unnatural 
manner and contradict his life-long training on what he 
should see. 

A few of us have been promoting for years a hypothet- 
ical blind landing system. 
thetical. 


This is completely hypo- 
This system would involve a radar that 
would give the pilot a picture of the field in something 
like an overgrown machine-gun sight in the wind- 
shield. ... 

If this objective is ever achieved, all of these prob- 
lems we are talking about will disappear, because the 
pilot would be landing his airplane, psychologically, in 
exactly the same way as though he were looking at the 
field normally. 

Mr. Pike: There is a lot of development going on 
along these lines. I am not an expert on visual aid, but 
I think perhaps one of the difficulties has been that 
the known visual signals that we get and interpret are 
different from 


the physical signals. According to 
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scientists, the answer is training pilots with the same 
type of information. 

We have been trying to find out how a pilot does 
land an airplane. But one interesting thing is that he 
does treat the airplane as a projectile, and he aims at a 
point once he has established it. Perhaps, if we borrow 
that principle and find out from the pilots now how im- 
portant they think runway markings are, we may get a 
clue as to what their real requirement is. 

Captain Jenks (C.A.A.): In my paper (presented at 
the I.A.S. Air Transport—Safety Session), I try to lead 
up to this. The main thing is to achieve straight-line 
flight. Any pilot can tell you that straight-line flight is 
one of the toughest things to do—particularly when it is 
a predetermined straight line—because the only way 
you can fly it is to bounce back and forth from one sice 
to the other. The less you bounce, the straighter tke 
line. 

What I mean is, if you turn 5 deg., it takes time for 
that turn to develop. Once you have turned 5 deg. 
and have stabilized on a new heading, you have a cer- 
tain rate of displacement. Somewhere along the line 
that displacement brings you back on your track. We 
have got to throw another turn, and that takes time. 
Once it is stopped, did you overstop it or understop it? 

These are all the things that the pilot has to take 
care of, and when he is doing it with just a mounted in- 
strument on the panel, it isa rough job. When you are 
flying visually, you can see where you are going. You 
furnish the rate ray, and you know what the ray rate 
is, and you can see it. In instrument panels, it is 
When 
you get into couplers, the problem there is setting rates 
for any given conditions. 


strictly an amount, unless you have a coupler. 


(Ep. Note: A movie was presented at this point by 
Mr. Milliken which demonstrated some flight experiments 
carried out at Cornell. A particularly unstable airplane 
was fitted up with a yaw damper and autopilot instru- 
mentation so that completely 
achieved 


automatic flight was 


even under stalled conditions.) 


a. 
Courtesy Eclipse-Pioneer Div., Bendix 

Tiny Autosyn synchro-type devices, which serve as nerve centers 
for the complex remote indicating and control systems aboard 
modern aircraft, have to be produced in immaculate, temperature- 
and humidity-controlled air-conditioned rooms. 
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Chairman Warner: Assuming that we get past our 
problems of reliability and assuming that the auto con- 
trol is to be counted on, how would it affect airplane 
design if we did rely on artificial stability, and how much 
would be gained by it in reduced weight or drag or 
otherwise? 

Mr. Klein: I think there is no general answer to this 
question. In some airplanes, such as Navy types that 
are restricted in length by artificial requirements, there 
is difficulty in achieving stability because of the short 
tail length. In these planes it might be possible to re- 
duce the tail-surface sizes to that of the tail alone if you 
had trustworthy stability, etc. 

On the other hand, there are planes in the transport 
class where the fuselages are sufficiently elongated in 
order to get in a large number of passengers, and in 
these cases the tail-surface size may be proportioned by 
control. In this case there will be comparatively little 
advantage achieved. 

Mr. Draper: I think it was Mr. White from Boeing 
who presented a paper to the Institute some 2 years ago 
on the use of a yaw damper. I believe his estimate was 
that it would require 50 per cent increase in the vertical 
tailsto provide the amount of stability he was getting out 
of a yaw damper. Just how much weight that was 
equivalent to, I don’t know, but it sounds like it would 
be quite a bit. 

Mr. Milliken: The British had some experience with 
a yaw damper, in which they found improvement in 
the rough-air qualities which would lead one to believe 
that the yaw damper is probably one of the first or im- 
mediate practical devices that we have on the shelf 
which we can use to improve the riding comfort of the 
aircraft. It certainly is a far safer type of device to 
think of than some of these gust-alleviation systems 
that seem to alleviate flaps, etc. 

Mr. Cannon (North American): I would like first 
to go back to some points that were made by Mr. 
Draper and General Kelsey. These gentlemen brought 
up the point that a successful automatically controlled 
flight system will require that the fundamental design 
of the air frame be conducted at the same time as the 
design of the autopilot—that is, that the autopilot and 
flight-control engineers should be in together on the 
basic design of the airplane... . 

I would like to add that this would give the auto- 
pilot people time to design an autopilot that not only 
met the specifications but also had a far greater degree 
of reliability and simplicity than could ever be secured 
with the type of programing we do today. 

Mr. Goett: On this problem of matching the auto- 
pilot to the air-frame system, there are always the ques- 
tions that arise: How accurately do you have to repre- 
sent the airplane? How complicated must the equa- 
tions be? What are the important derivatives? Mr. 
Adams mentioned something about the use of com- 
puters for this purpose, and there, of course, you have to 
put in something to represent the airplane. 

If you are going to do this far in advance, it means 
that you are going to have to do it with derivatives that 
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you got in a wind tunnel, because you can’t wait until 
the airplane is flying. 


[Ep. Note: Mr. Goett then showed a series of five 
slides, indicating work that had been done in this connec- 
tion by N.A.C.A.] 


Mr. Ciscel: On the off-chance that some of you may 
have gathered an impression that we are having difficul- 
ties as automatic control people in getting together on 
the need for artificial stabilizers or integration of sys- 
tems, I would like to summarize our position. 

(1) On artificial stability, it can be established that 
it is no longer a point of academic discussion. The 
thing is here. It is accepted. Aircraft that are going 
to carry artificial stability are being equipped with ar- 
tificial stabilizers, yaw dampers, Fitch dampers, or 
whatever they happen to need. All of those air- 
planes are being designed to give a certain type per- 
formance with the use of artificial stabilizers. 

This does not hold true, necessarily, for commercial 
air lines. But it is certainly true as far as military 
aircraft is concerned, and it extends through all of our 
crafts and bombers and some helicopters. . . . 

(2) There is the recurrent suggestion that automatic 
pilot people and airplane people should get together. 
That is a situation that has improved tremendously in 
the postwar years. Big things have happened as a re- 
sult of the general dissemination of automatic control 
theory. People became aware that automatic con- 
trol equipment was not just something that was bolted 
into an airplane. ... 

The amount of cooperation we are getting today is 
simply fantastic, compared with the standards that 
prevailed during the last war.... We are now able to 
get what we need over the entire speed ranges not only 
in terms of aircraft coefficiency necessary to run react 
analyses but also in terms of all the limitations we are 
worried about on allowable difficulties. 

(3) What are the autopilot people doing to further 
improve safety? I would like to say again that we are 
working on these things suggested by members of the 
panel. ... We have high hopes for eliminating some 
of the artificiality of flying through an automatic 
pilot. 

After all, that harks back to the day when they put 
an autopilot in to hold the airplane still while the pilot 
was doing something else. Now it comes to the point 
where the automatic pilot can do certain things under 
certain conditions and the human pilot prefers to fly 
with it. 

Chairman Warner: Mr. Draper, would you care to 
say what you see as the next stages of development, 
and what the future uses are going to be? 

Mr. Draper: I have a feeling that we are going to 
end up with this integrated flying entity—with controls, 
the sensing elements, the power elements, and the inter- 
connecting elements (which may be mechanical, hy- 
draulic, pneumatic, electrical, or anything else)—and 
that this whole collection of equipment is going to be so 
reliable and so insignificant, compared to the rest of the 
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airplane, that you will get around to the point where 
you will not even know it is there... . 

Also, I have an idea that this business of a natural or 
unnatural control from a pilot standpoint is going to be 
something that becomes less and less important as time 
goeson. The human being is going to be there. He is 
going to have the information laid out before him in a 
considerably simplified form... . 

I have a feeling we are going to end up with flying 
devices that, if they carry men at all, are going to be 
merely monitors and exercise the function of judgment. 
Certainly, the number of flying devices that have no 
men at all in them is going to increase, and they are 
going to do a much better job than the ones in which 
you have the men present for special purposes. 

Captain Jensen: I would like to sum up the civilian 
standpoint and perhaps inject a couple of thoughts for 
you to take home and think over. Let us take the re- 
I think we all agree in 
the operational field that we ask for the Moon. It is 
probably a good idea. We say we want a perfect ma- 
chine and hope we can get one sufficiently toward per- 
fection that we can live with it. 


liability situation for a moment. 


In that respect, I think there is a job to be done in 
some agency, or groups of agencies looking at the avia- 
tion job in all its aspects, to properly bring the matter of 
safety into a common denominator. In other words, 
look at the various components of the gadgetry that we 
fly with and all the corollary operations to flight, and 
find out whether we are being overly safe in one opera- 
tion and reckless in another part of the operation; 
whether we are being overly worried about the fact that 
the automatic pilot is unreliable; and whether we are 
carrying two communication receivers where one would 
give us the same degree of safety that we are accepting 
from the pilot's experience and training. .. . 

I have a sort of pet notion on how you might look at 
the safety situation.... I think you might assign an 
arbitrary figure—say 100 points—that add up to an 
accident. You can then assign certain values for dif- 
ferent abnormal situations. 

You might figure that an engine failure is worth 5 
points toward that 100-point accident. You might 
say that, if the pilot isn’t speaking to his wife, that 
might contribute another 5 points. If the landing gear 
failed to retract, you might add another 5 points to- 
ward the accident. 

In other words, accidents are not produced by any 
one item of the 100 points occurring at a certain time. 
It is a combination of events. If the automatic pilot 
happens to fail under certain combination of events, it 
may be no problem whatsoever. ' It is the combination 
that produces the trouble. 

You can sit off in the corner of your portion of the 
aviation industry and say: “We have a failure rate of 
It may sound good. 
But under certain conditions of flight, certain combina- 


such and such a percentage.”’ 


tions occur at which the failure of the component in 
which you are interested happens to contribute the 
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Courtesy Lear, Incorporated 
Underside of amplifier, used in Lear L2-5 autopilot, showing elec- 
trical circuits. 


last 3 points toward that 100-point system that causes 
the accident. 

Mr. Klein: The problem of automatic control of 
aircraft, I think, is essential in the military world—that 
is, both the fighter and the bomber will require a com- 
plete automatic direction for purely military reasons. 

As far as autopilots are concerned, I am confident 
that they will become a reliable and useful device. 
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Visual computer, installed on instrument panel, gives plane's range, heading, and bearing on self-contained navigational charts. 
(lower right on screen) is electronically synchronized to ‘‘crawl'’ across illuminated chart, thus giving pilot his position at all times. 
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Courtesy Arma Corporatior 


“Bug” 
Charts, 


projected from film strips, are drawn in four scales and are inmediately accessible through a selector control. OBD computers are automatically 


tuned to station shown on chart. 


They certainly have taken a beating in the last 5 or 10 
years, which usually precedes the solution of a basic 
problem. These problems are now fairly well realized, 
and something satisfactory should come from it. 

As far as the approach and landing system is con 
cerned, I am firmly convinced it is on a totally incor 
rect, unsound, and illogical basis.... It does nothing 
about the collision problem with other aircraft and with 
other obstructions around the field. I feel that we 
must replace the pilot’s eyes. We must give him eyes 
that can see through the bad weather conditions. 
There are means available in the radar field to provide 
him with a windshield that sees through darkness and 
obscurity. 

I feel that this is the only way that we can get around 
the landing system, because then it becomes a visual 
system, and all these problems disappear. 

General Kelsey: Several years ago when we wer« 
first trying to explain what we were doing with auto 
matic flight projects, we had some newsmen in and ex 
plained this business of a preprogramed flight. We 


tried to describe this. We talked about pushing a but 


ton in Chicago, and not worrying about it until the 
plane came to Chicago. We could 


We explained that with military 


That was all right. 
do it with a model. 
operations you have long-range missions that you can 
calculate ahead of time in relative calm and quiet 
letting the airplane follow this preprogram course and 
using the human element to provide the machine with 
the facts. 

One of the newsmen piped up and said: “Well, can 
you get to the place where you can punch this thing out 
n IBM cards and put it into the airplane and sit there 
nd watch it do it?” He came close to defining what 
we are talking about. This is not very far oif. 

However, one of the things that becomes apparent 
immediately is that, many of the things you can do 
utomatically, you will find you don't want to do be 
cause it is uneconomical. There are many things a man 
in do better than a piece of machinery. It 1s unneces 
sary to try to do it the herd way just to be automatic 


One of the things that you can prove quickly is that 
We find in 


the missile field, which is the push-button warfare thing 


this must be a matter of some discretion. 
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everyone has been talking about, that there are a lot of 
loose ends in that, too. The essential element there is 
whether you can use a preprogram flight that doesn’t 
However, 
you will find that many of the elements that you de- 


require correction once it is dispatched... . 


velop with this immediately apply to monitor flight in 
which you want to retain the possibility of correction. 

One of the things which appears to be stalling us today, 
and which we will have to have corrected in the future, 
is that many of the things brought into the cockpit 
now which require manual control are loose ends of an 
individual project. You find that many project of- 
ficers and engineers have come to their wits end and 
have brought in the control switch or throttle because 
they couldn't figure out what else to do with it. 

It becomes the pilot’s job to mix these elements. Be- 
fore we can progress in the future, we are going to have 
to find ways and means of taking loose ends and tying 
them together or cutting them off back at the source so 
that we can go on with the major job. 
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If one were to try to make predictions, he would prob- 
ably use about 90 per cent of the automatic flight ele- 
ments that we have now. If he accepted them and 
overcame some of these psychological problems, he 
could do the major portion of this job which involves 
The job that involves completely pro- 
gramed flight, with only minor control direction, is 
still ahead. 


monitoring. 


Probably it is not so far as one might as- 


sume. 
Let us go back to this newsman’s comment: You 
want to take off from New York to London. You sit 


down and calculate al] of your data, put it on IBM 
cards, and then take the cards out and stick them into 
the machine. Then the crew is in there for what? To 
take care of those unforeseen conditions that you can't 
provide for in advance. Automatic flight is limited, and 
only the human element can provide an infinite number 
of parameters to that particular operation at any specific 
There is always that element where judg- 
ment comes in. 


moment. 
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Adaptability to Aircraft Engine Control 


JOEL D. PETERSON* and ROBERT W. CURRAN? 


Eclipse-Pioneer Division, Bendix Aviation Corporation 


ABSTRACT 


A means of simplifying the ever more complicated task of ef- 
ficiently operating an aircraft power plant is presented. Although 
originally developed for use in a “‘single-lever”’ engine-control sys- 
tem, this method utilizes electronic and servo principles that can 
be adapted to a variety of engine controls for use in single- or 
multiengined aircraft. The technique, which eliminates the need 
for a complicated cable and pulley system, is described in detail 
and its flexibility is demonstrated. 


INTRODUCTION 


a IN MANY CASES the modern aircraft engine 
is not located in proximity to the cockpit and be- 
cause most power-plant controls are engine-mounted, 
the problem of remotely positioning the various spe- 
cialized controls has become increasingly difficult. At 
present, the commonly accepted solution is a compli- 
sated network of cables and pulleys running between 
the cockpit and the engine nacelle. In the case of some 
single-engined aircraft, this method is relatively simple, 
dependable, and inexpensive. However, in the case 
of the larger multiengined craft, the adjectives “‘sim- 
ple’ and “inexpensive” no longer apply, and in some 
-ases severe flexing of the wings and extreme changes of 
temperature render such a system undependable. 

There also remains the problem of automatically 
coordinating control action in such a manner that maxi- 
mum performance will be achieved without sacrificing 
engine life. At present this task is performed manually 
by members of the flight crew. Constantly changing 
flight conditions, however, render the process of de- 
termining and maintaining proper control settings a 
cumbersome one. The problem is further compli- 
cated on a multiengined ship by the necessity for 
synchronizing the power output of the individual 
engines. 

As an answer to this problem, the Eclipse-Pioneer 
Division of Bendix Aviation Corporation has devel- 
oped and flight-tested a single-lever power-control 
system that incorporates a method of coordinating 
the action of several engine controls through the use of 
servomechanisms. This eliminates the need for a 
complicated cable and pulley system with its associ- 
ated difficulties and, at the same time, relieves the flight 
crew of the task of control coordination. 

Presented at the Electronics Session, Twenty-First Annual 
Meeting, I.A.S., New York, January 26-29, 1953. 

* Senior Engineer, Automatic Controls Laboratory. 

{ Senior Project Engineer, Automatic Engine Controls, Auto- 
matic Controls Laboratory. 


(GENERAL 


The technique to be discussed is based on a simple, 
remote torque-control system that provides an electrical 
means of causing the input lever or shaft on an engine 
mounted control mechanism to follow the motion of a 
cockpit control lever. The basic system, which op 
erates from a single-phase, 115-volt, 400-cycle source, 
consists of four units—an amplifier, two synchros, and 
a servomotor. 

The rotor of one synchro (known as the transmitter) 
is mechanically linked to a cockpit control lever, while 
the rotor of the other is coupled to the input arm on an 
engine-mounted control. The equipment is electri- 
cally connected in such a manner that it produces an 
error signal that is at all times proportional to the an- 
gular misalignment between the cockpit control lever 
and the input arm on the engine-mounted control 
mechanism. 

The error signal is then fed into the amplifier where its 
magnitude is increased to a sufficient level to actuate 
the servomotor and associated control equipment, 
including the follow-up synchro. The system com- 
ponents are so arranged that the motor always moves in 
the direction necessary to eliminate the error signal. 
At this point, the amplifier output becomes zero and 
the motor stops turning. The block diagram for such 
a servo-loop is shown in Fig. 1. 


DETAILED DESCRIPTION OF SYSTEM OPERATION 


I) Development of Error Signal 


In order to produce a suitable error signal, the two 
synchros (transmitter and follow-up) are connected in 
series as shown in Fig. 2. The design of a precision 
synchro is such that, when its rotor is excited by a 
fixed a.c. voltage, an e.m.f. will be induced in the stator 
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which is proportional to the angular position of the 
(See Fig. 3.) Therefore, with the rotor of the 
transmitter synchro linked to the pilot’s control lever 
and the rotor of the follow-up synchro coupled to the 
input arm on an engine-mounted control, two voltage 
signals will be developed, each sensitive to the position 
of its associated equipment. 


rotor. 


In order to obtain a usable error signal, it is necessary 
to arrange the two synchros in such a manner that the 
voltages across the stators be in phase opposition and be 
equal in magnitude when the cockpit control lever is 
properly aligned with the input arm on the equipment 
to be controlled. It is also necessary to design the two 
rotor drives so that full angular travel of the trans- 
mitter rotor is equal to the full angular travel of the 
follow-up rotor. 


This arrangement produces an error signal that is at 
all times proportional to any misalignment between the 
cockpit control lever and the input arm on the engine- 
mounted control. That is, if both pieces of equipment 
are properly aligned, their respective synchros will put 
out voltages of equal magnitude but opposite phase, 
which when summed in the series circuit (Fig. 2) will 
yield a zero error signal. However, if the two pieces of 
equipment are not aligned, one synchro voltage will be 
greater than the other causing the circuit to produce 
an error signal equal to the difference in stator voltages. 
The greater the amount of mechanical misalignment, 
the stronger the error signal. Whether the signal is 
positive or negative will be determined by the phase 
relationship of the transmitter output to that of the 
follow-up. 


In order to eliminate any possible ambiguity in the 
system, the synchro shafts are linked to the cockpit 
control lever and the engine-mounted control in such a 
manner that full angular travel of the rotors is no greater 
than 90°. The 90° of travel should be selected to coin- 
cide with the straight line portion of the synchro out- 
put voltage curve (see Fig. 3). 


II) Servomotor 


The servomotor, which is located adjacent to the 
engine-mounted control mechanism in question, is the 
muscle of the servo-loop (Fig. 4). It consists of a two- 
phase, low-inertia, induction motor coupled through a 
suitable gear train to an output shaft. Both the motor 
and the gear train are chosen in accordance with the 
torque-speed requirements of the mechanism to be 
controlled. 

The fixed-phase of the motor receives continuous a.c. 
excitation of constant potential. The variable phase 
receives its excitation from the output stage of the 
amplifier. Motor torque and speed are controlled by 
changing the variable-phase excitation. The direction 
of rotation is governed by the relative phase angle be- 
tween the fixed- and variable-phase excitation. A 
rate generator, whose operation will be explained later, 
is usually mounted on the back of the motor with its 
armature coupled to the motor shaft. 
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Figure 4 


SERVO MOTOR 
(Bendix Type XD-707324) 


Fixed Phase ----- 115 volts, 400 cycles per sec. 
Stall Torque ----- 140 Inch Pounds 

Speed ----- 8 RPM No Load 

Speed ----- 5 RPM, 100 Inch Pound Load 

Weight ---- 5 lbs. 
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(FIGURE 5) 


SERVO AMPLIFIER 


BENDIX TYPE 707326-1 
WEIGHT-5.25 IBS. 


The phase relationship of the error signal, the output 
of the amplifier, and fixed phase of the servomotor is 
such that the motor will drive in the direction necessary 
to eliminate the signal causing the motion. The motor 
will continue to turn until the rotor of the follow-up 
synchro, which is coupled to the motor, comes into 
alignment with the rotor of the transmitter synchro. 
At this time the cockpit control lever and the input arm 
on the engine-mounted control will be properly aligned 


(II) Stabilization 


It has been found effective to employ viscous damp 
ing by electrical feedback to ensure stable operation of 
the torque-control system—that is, to feed into the 
amplifier, in series with the error signal, a rate signal 
that is proportional to the rotational velocity of the 
servomotor. 

In order to accomplish this, a rate generator, whose 
armature is mounted on the same shaft as the motor, is 
added to the servomotor assembly. Thus, the genera 
tor turns with the motor. The rate signal is opposite in 
polarity to the error signal and of small enough magni 
tude that it becomes of importance only when the 
error signal is small—-1.e., when the follow-up synchro 
nears the desired position. At that point, the error 
signal is approaching zero but the motor is still turning 
at high speed. When the error signal becomes less 
than the rate signal, the polarity of the total signal de 
livered to the amplifier is reversed and the correspond 
ing excitation supplied to the variable phase of the in 
duction motor is also reversed. This process creates 
a motor torque opposite to the direction of rotation, 
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which produces a braking action on the motor. As the 
motor speed decreases, the rate signal also diminishes. 
System parameters are so arranged that, as the error 
signal, rate signal, and motor speed all approach zero, 
the servo output shaft will come to the desired position 
without overshooting. 


IV, Amplifier 

Since the magnitude of the error and rate signals is 
not large enough to control accurately the action of a 
motor directly, it is necessary to add an amplifier to the 
system. The amplifier must be capable of increasing 
the size of the control signal to a value sufficient to en 
ergize the variable phase of the servomotor. It is also 
necessary that it be phase sensitive. An amplifier that 
meets these requirements has been designed and used 
successfully as part of the Bendix Single Lever Power 
Control Syatem (Fig. 5). The circuit includes two dual 
triodes, one used as a combination rectifier and signal 
unplifier and the other as a grid-controlled synchronous 
rectifier. A magnetic amplifier is employed for the 
output stage. 

\ simplified explanation of the amplifier’s operation 
is as follows: The input or control signal (rate plus 
error) is applied to the grid of one of the dual triodes, 
where it is amplified approximately 500 times. The 
unplified signal is then applied to the control grids of 
the other dual triode. This tube, acting as a grid-con 
trolled synchronous rectifier, acts to regulate the satu 
rating currents in the magnetic amplifier. 


V) Application for Basic Torque-Control System 

Che system just described has been found flexible 
enough to lend itself to a variety of engine-control ap 
plications and is especially advantageous in installa 
tions where the operator's station is not located in prox 
imity to the engine itself. The method outlined has 
been used successfully on several multiengined aircraft 
to remotely control the position of such things as cooling 
flaps, carburetor mixture controls, throttle butterfly 
valves, and propeller governor or synchronizer settings 

Utilization of this equipment makes it possible to 
eliminate the complicated cable and pulley systems that 
ire used on most present-day aircraft. Although cable 
controls have been satisfactory in the past, most air 
craft system designers have found it increasingly diffi 
cult to allocate sufficient space in the wings of today’s 
long-range multiengined airplane for the extensive net 
work of pulleys and cables necessary to control all the 
engines. The present trend toward manual control for 
the leaning of carburetors, to obtain maximum rang¢ 
operation, has made it necessary for the flight engineer 
to make and maintain small adjustments to the setting 

the carburetor mixture control. This regulation 
process is almost impossible to accomplish with a me 
chanical positioning system. It has been found that 
such things as wing flexing and severe temperature 


hanges impair the efficiency of mechanical positioning 
equipment. These conditions do not affect the per 
formance of an electric system. 
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(VI) 


Coordination of Control Systems 


The operation of multiengined aircraft is such that it 
is often necessary to actuate simultaneously several 
controls in parallel. Such a condition is evident during 
take-off and landings when operating conditions are 
changing rapidly. For example, during take-off the 
pilot of a multiengined plane must advance from four to 
six throttle levers with one hand and control the atti- 
tude of the ship with the other. Then, immediately 
after becoming air-borne, he must retard power and 
start to climb. 

When electric torque-control equipment has been in- 
stalled on an airplane, it is a simple matter to regulate 
the action of several controls through the motion of one 
lever. By wiring four follow-up synchros in parallel 
and connecting the group in series with a transmitter as 
shown in Fig. 6, it is possible to produce four error 
signals, each dependent on the angular misalignment 
between the single transmitter rotor and the individual 
follow-up rotors. This scheme allows the pilot to posi- 
tion all throttles simultaneously by moving a single con- 
trol lever. A switching arrangement can be designed 
that will make it possible for the pilot to control the 
throttles individually or in a group at his discretion. 

In order to obtain maximum performance from a re- 
ciprocating engine, it is necessary to schedule engine 
manifold pressure and r.p.m. as determined by the 
engine manufacturer. The standard method of main- 
taining such a schedule is to first set the propeller gov- 
ernor to maintain a required engine speed and then set 
the manifold pressure control mechanism to yield the 
necessary pressure. Since these manual operations are 
often extremely inconvenient, it has long been the de- 
sire of engineers associated with aircraft engine controls 
to relieve the pilot of this responsibility. Remote 
torque-control equipment can be easily adapted to a sys- 
tem for automatically scheduling the action of two or 
more engine controls. 

Since many propeller governors and synchronizers 
control engine speed as a function of input-arm posi- 
tion, it is possible to establish a schedule of transmitter 
rotor position vs. engine r.p.m. (Fig. 7). There are 
also controls on the market which regulate manifold 
pressure as a function of pilot’s throttle-lever position. 
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Therefore, the procedure outlined above can again be 
followed to obtain a schedule of synchro rotor position 
vs. engine manifold pressure (Fig. 8). Once the two 
schedules have been determined, it is a relatively 
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MAP AND RPM AUTOSYN 
ADJUSTMENT SCREWS 


MAP AND RPM RANGE 
ADJUSTMENT SCREWS 


RPM Cam-Linkage 


MAP Cam- Linkage 


(FIGURE 9) 


POWER TRANSMITTER 


WEIGHT — 2 IBS. 


simple matter to design a system of cams and follower- 
arms to position the two synchro transmitter rotors in 
such a manner that, as each value of engine r.p.m. is 
selected, there will be a corresponding value of mani- 
fold pressure automatically selected at the same 
time. In the case of Bendix Single Lever Power Con- 
trol equipment, the r.p.m. and manifold pressure cams, 
the two transmitter synchros, and the cam followers are 
incorporated in an assembly referred to as a Power 
Transmitter (Fig. 9). 

By mechanically linking the cam shaft to a control 
lever, it is possible to give the pilot automatically sched 
uled engine control through the motion of one lever. 

Equipment of this type has been installed and suc- 
cessfully flight-tested on several multiengined aircraft. 
Such a control system is extremely effective when used 
in conjunction with automatic air speed or landing 
control equipment. A Bendix-built Single Lever Con- 
trol System is now in use on an air Force B-50 that is 
employed in all-weather flight-test work. 


(VII) Automatic Protection Equipment 


In the interest of safety and efficiency, aircraft engine 
operating schedules must often be restricted. For 
example, the manifold pressure-r.p.m. combination 
called for at sea level is usually not the same as required 
for altitude operation. It is also true that there is a 
maximum safe air speed above which an aircraft should 
not be driven, and once this velocity is attained power 
should be retarded. Some aircraft engines are equipped 
with antidetonation equipment that makes it pos- 
sible to exceed the normally specified operating limits 
for a short period of time. When this time interval has 
been exceeded, the power must again be brought within 
normal limits. Another occasion when a power reduc- 
tion is necessary is during propeller feathering. At this 
time it is recommended procedure for the pilot to retard 
the throttle as soon as he actuates the feathering switch. 
Obviously, an automatic means of altering throttle 
settings when any of the above conditions exist would 
be of considerable assistance to the pilot. 
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When using an electrical torque-control system of 
compensation, signals can be added to the basic error 
signal by including an additional synchro in the original 
circuit (Fig. 10). This arrangement produces an error 
signal equal to the sum of the stator voltages from three 
synchros instead of two as in the original circuit. If 
the rotor of the third synchro or compensating synchro 
is so positioned that its stator voltage is zero, it will 
have no effect and thus add zero compensation to the 
control system. If, however, the compensating syn- 
chro is not nulled, it will add a compensating voltage to 
the basic error signal. By driving the rotor of the 
compensating synchro with an altitude-sensitive bel 
lows, the signal generated becomes dependent on alti- 
tude. When added to the basic error signal, it can be 
used to compensate a sea-level power schedule for alti- 
tude operation. Such an arrangement is used in the 
Bendix Single Lever Power Control System to obtain 
altitude-compensated control of a Pratt & Whitney R- 
1360 engine. 

For example, operation of an R-4360 engine below 
15,000 ft. at 2,000 r.p.m. calls for a manifold pressure of 
39.9 in. Hg. Under this condition, the compensating 
synchro is nulled and has no effect on the circuit. How- 
ever, when the plane climbs to a higher altitude, the 
manifold pressure should be decreased. Under this 
condition, the compensating synchro develops a signal 
that will cause the manifold pressure to be reduced to 
the proper value. 


In a similar manner, a signal, sensitive to air speed, 
can be used to retard power before an excessive air speed 
is reached. It is also possible to create a signal that 
will cause the throttle to be retarded whenever the 
feathering switch is actuated or whenever the supply of 
antidetonation fluid has been exhausted. 


CONCLUSION 


Hence, it seems apparent that because of its great 
diversity of application and ease of maintenance and 
installation, the use of electric remote torque-control 
equipment for the replacement of the customary cable 
and pulley systems is a sensible approach to the problem 
of controlling power-plant equipment on modern high 
performance aircraft. 
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Aircraft Omnidirectional Antenna Problem for 


U.H.F. Navigation Systems* 


A. G. KANDOIAN 


Federal Telecommunication Laboratories 


INTRODUCTION 


AN RADIO AIDS TO AERIAL NAVIGATION, such as Dis- 
tance Measuring Equipment (DME) and Radar 
Safety Beacon (RSB) and similar devices, go higher and 
higher in the radio frequency spectrum (shorter and 
shorter wave lengths), they give rise to two fundamental 
problems associated with the antenna and radiation 
characteristics required by these radio aids. These 
problems must be appreciated and properly solved be- 
fore these U.H.F. navigation systems can be considered 
completely successful. 


PROBLEMS 


The first problem concerns the effective area of the 
antenna, which for the desired omnidirectional radia- 
tion pattern varies directly as the square of the wave 
length. This means for the receiving case, with a given 
power density of the electromagnetic field (in watts per 
square meter), less energy is picked up by the aircraft 
antenna at the higher frequencies. 

The second problem comes about because the effec- 
tive area of the airplane surfaces is very large conipared 
to the very small area of the antenna. There is no 
practical location available on the aircraft which is in 
optical sight of all directions with which communication 
must be maintained. The situation is, of course, fur- 
ther complicated during aircraft maneuver when large 
aircraft surfaces may further obstruct the line of sight. 
Where to locate the antenna so that its normally satis- 
factory radiation pattern will not be badly distorted by 
the aircraft surfaces is finally the problem that faces 
the aircraft antenna engineer. 

The question of how to design the antenna to be 
aerodynamically acceptable for these applications at 
U.H.F. is a relatively minor one because, the physical 
size of the antenna being small, it lends itself without 
too much complication to a design flush with the air- 
craft surfaces. 

The first of these problems has no direct solution from 
the antenna standpoint. The present state of the art 
does not permit, in a practical form, a larger antenna 
area (in terms of wave length) without at the same 
time increasing directivity, which is not acceptable in 

Presented at the Electronics Session, Twenty-First Annual 
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this application. This problem must therefore be 
solved by using more transmitter power than would be 
necessary at lower frequencies. 

A solution to the second problem (providing satisfac- 
tory coverage at U.H.F.) is more complex than has 
been appreciated in general. In fact as recently as 
a year ago, long after the various navigation systems 
in question had been assigned to the U.H.F. bands, 
the most authoritative view! was that “‘solution of the 
ultra-high-frequency problem is not yet in sight... .”’ 

As a result of fundamental studies? sponsored by the 
Air Navigation Development Board, however, some 
reasonable solutions to this problem are now definitely 
in sight. The following gives the basis for the above 
view. 


ANALYSIS AND MEASUREMENTS 


At the ultra high frequencies, the aerodynamic prob- 
lem presented by any antenna likely to be used for 
these applications is relatively minor. Dipoles are 
small, and flush cavity antennas are quite practical. 
However, as previously pointed out, the effective areas 
of these antennas are small, and the airplane body 
seriously interferes with the nondirectional properties 
of the effective dipole by (a) shadowing, due to aircraft 
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Fic. 1. Geometry of model measurements. 
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Fic. 2. Typical 1,000-me. azimuth power intensity pattern 
of vertical \/4 stub antenna mounted at the top of the fuselage 
of a DC-3 aircraft. 


wing or tail getting in the line of radiation, and (b) 
reradiation, causing wave interference with resulting 
rapid fluctuation of the radiation pattern of the an- 
tenna. 

The above analysis is illustrated by scale-model meas 
urements where the purpose is to see what typical 
radiation patterns can be achieved by locating the 
vertical dipole antenna at likely positions on aircraft of 
various types. Fig. | illustrates the geometry of model 
measurements where @ is the angle of elevation which is 
zero straight up, and ¢ is azimuth angle with zero for- 
ward. 

Fig. 2 shows the azimuth radiation pattern for the 
antenna located at the top of the fuselage on the center 
line of the wings. The airplane type is DC-3. It can 
be seen that in the horizontal plane a considerable de- 
fect in the pattern is due to shadowing of the radiation 
due to the tail structure. Little radiation results in 
the rear 20 deg. In other azimuth directions, it is 
evident there is a great deal of signal fluctuation due to 
reradiation from the various surfaces. 

However, the chief defect is not in the azimuth pat- 
tern (0 = 90), but rather in the rapid decrease in signal 
level at vertical angles below the horizon. This is 
illustrated in Fig. 3, where complete radiation patterns 
are shown at various elevation angles within 25° above 
and below horizontal. It is evident that, at 5° to 
25° below horizon (@ = 95-115), the antenna radiation 
is greatly reduced, and hence, the results are totally 
unacceptable for the systems we are considering. Above 
the horizon, as might be expected for this location of 
the antenna, the radiation is relatively favorable. 

Though these results and other data to follow have 
been taken on DC-3 aircraft, the results are typical and, 
in a general way, apply to all metallic aircraft of this 
size or larger. The only noteworthy difference will be 
that, for larger aircraft, the shadow areas are more 
pronounced and the signal fluctuation in other direc- 


tions due to wave interference will be more rapid, 
though not necessarily more severe, with change of 
angle. 

A further factor to be emphasized is that the general 
characteristics apply for other polarizations and types 
of radiators than the vertical quarter-wave stub used 
in most of these experiments. It should therefore not 
be considered that with a clever design of the antenna or 
proper choice of polarization the overall radiation char 
acteristics will be substantially improved. 

The net conclusion is, therefore, a UJ1.F. omnidirec 
tional antenna located above the fuselage cannot give ade 
quate coverage even slightly below the plane of the wings 

horizon). 

Fig. 4 shows a typical azimuth pattern for a belly 
location of the antenna. As can be seen, there are no 
deep shadow areas. However, there are rapid fluctua- 
tions in pattern due to reradiation from various sur 
faces of the aircraft. The major defect in this case, 
however, is that the antenna pickup drops drastically 
at vertical angles above the horizon. Hence, the conclu- 
sion is that for belly location of a U.H.F. antenna ade 
quate coverage cannot be achieved for vertical angles above 
the plane of the wings (horizon). 

Fig. 5 shows a typical azimuth pattern for the an- 
tenna located at the nose of the airplane. The cover 
age in the forward sector is now satisfactory, as is the 
variation with angle of elevation, but there is no cover- 
age back toward the tail. Similarly, Fig. 6 shows ex- 
cellent coverage in the rear directions for antenna lo- 
cated at the tail, but such a location cannot provide 
adequate forward coverage. Corresponding conclusions 
may be drawn for wing-tip location of U.H.F. antenna 
as illustrated by Fig. 7. 

Because of space and time limitations, it does not ap 
pear justified to cite more detailed data than here pre- 
sented. The conclusion, however, appears inescap- 
able-namely, for large metallic aircraft (DC-3 or 
larger), it is not possible to find a single practical antenna 
location to give adequate coverage for U.H.F. omnidirec- 
ional navigation systems. In fact, no single location can 
even come close to meeting this requirement, where 
adequate coverage is generally taken to mean all azi- 
muth angles and plus or minus 30° in elevation. 

The next reasonable approach then is to consider 
more than one antenna location—complementary loca- 
tions for either simultaneous or on an “‘either-or’’ 
radiation basis. From previous data, it is evident that 
a good pair of antennas for complementary coverage 
can be obtained by pairing (a) top and belly antennas, 
b) two wing-tip antennas, and (c) nose and tail an- 
tennas. 

A brief consideration will show that of these the pref- 
erable combination is the nose and tail antenna system 
if the two antennas are to radiate simultaneously (the 
simplest system). If the antenna is to be an “either-or”’ 
type (one antenna radiating at a time), then it may be 
preferable to use the top and belly antenna locations. 
In the latter case, a switch or its equivalent is neces- 
sary between the two antennas. 
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Typical 1,000-me. azimuth power intensity pattern as in Fig. 2 shown at various vertical angles @ above and below horizontal (at 
which @ = 90°). 
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Fic. 4. Typical 1,000-me. azimuth field intensity pattern of 
vertical stub antenna mounted on the belly of a DC-3 aircraft. 


gee 
Fic. 5. Typical 1,000-mce. azimuth pattern of radiator mounted 
on the nose of a DC-3 aircraft. 


Fic. 6. Typical 1,000-mec. azimuth pattern when the radiator 
is placed in the tail of a DC-3 aircraft. 


Fic. 7. Typical 1,000-me. azimuth pattern when the radiator is 
mounted on one of the wing tips. 


Simultaneous operation of nose and tail antennas 
simply tied together gives coverage, as illustrated in 
Fig. 8. This is not an optimized design and is intended 
merely to illustrate the system. It is seen that in the 
forward direction the forward antenna predominates, 
giving excellent coverage. In the rear direction, the 
tail antenna predominates, and, again, good coverage is 
achieved. 

It is to be noted that in the particular case illus- 
trated some gain was given to the forward antenna, 
which may or may not be desirable. The wing-tip 
directions represent common radiation regions for both 
the nose and tail antennas, and, hence, violent fluctua- 
tion of signals results because of constructive and de- 
structive interference. The average radiation is good 
even in this “vulnerable” region. For larger aircraft 
or at higher frequencies, the fluctuations would tend to 
be more rapid with angle. Since these fluctuations 
are not desirable, by using the combination of the nose 
and tail antennas, they are confined to wing-tip direc- 
tions considered to be the least vulnerable directions 
from the navigation standpoint. With an optimized 
design, this fluctuating signal region can be more limited 
than here illustrated. It can also be oriented in dif- 
ferent directions from the ones shown. It is to be noted, 
however, with this paired antenna there is little varia- 
tion of the coverage pattern with vertical angle @. 
The coverage remains virtually the same for +15° in 
elevation as illustrated and beyond. 

Should the overlapping region signal fluctuations be 
intolerable in any application, it is possible to introduce 
either a phase changer or a switch in the arm of one of 
the two antennas, and the relative phase of one of the 
pair may be reversed at any desired rate (the change- 
over itself to occur as fast as possible). This will con- 
vert any minimum signal direction off wing tips to a 
maximum at the chosen switching rate. In the for- 
ward or backward direction, there will be no noticeable 
change in level. 


Cx 
two 
radi 
sirak 
prev 
able 
radi 
tion 
the 

Ir 
que 
ante 
may 
one 
equ 
not 
tur} 
the 
tha 
nos 
que 


th 
pl: 
2 
ak 
pe 
in 
Sse, | 
TT 
CORES 


ANTENNA PROBLEM FOR U.H.F. NAVIGATION SYSTEMS 79 


Combining either the top and bottom antennas or the 
two wing-tip antennas to make up a simultaneously 
radiating complementary pair of antennas is less de- 
sirable than the combination of nose and tail antennas 
previously discussed. The reason is that the ‘“‘vulner- 
able” region caused by the overlapping complementary 
radiation patterns would be in more important direc- 
tions, all azimuth directions in the former case and in 
the fore-and-aft directions in the case of the paired 
wing-tip antennas. 

In the event that the particular navigation system in 
question (such as DME) can tolerate an ‘‘either-or”’ 
antenna system to get omnidirectional coverage, it 
may be preferable to use the top and bottom antennas, 
one or the other of which could be connected to the 
equipment at one time. When satisfactory response is 
not achieved from the antenna connected, the switch 
turns to the other antenna. The reason for preferring 
the top and bottom antennas under these conditions is 
that the longer cable lengths necessary to reach the 
nose and tail antennas (and corresponding radio fre- 
quency losses) may then be avoided. 


ADVANTAGES OF MULTIPLE ANTENNA SYSTEM 


Though it is obviously undesirable to use two or 
more antennas where one can do the job, in this case 
since complementary antennas are necessary, we may 
derive certain other advantages from their use. One is 
that each antenna now has the aircraft behind it and 
radiates a predictable clear pattern and, hence, gives 
rise to little difficulty due to reradiation from parts of 
the airplane. A second advantage is that a certain 
amount of vertical pattern gain may be practical, since 
at most a +30° coverage is required in the vertical 
plane. Since the wave lengths at U.H.F. are small, a 
3-5-db. vertical gain appears to be not unreason- 
able. 

The most important advantage, however, is that a 
potent multiplexing tool becomes available since two 
independent antenna loads are available. This is il- 
lustrated in Fig. 9. By the use of a radio frequency 
bridge (similar to the hybrid circuit in audio work), two 
equipments may be diplexed on the two antennas and 
still achieve the advantage of the overlapping comple- 
mentary radiation patterns. With a properly balanced 
radio frequency bridge, an isolation of the order of 30 
db. can be achieved even if both equipments operate at 
the same frequency and, correspondingly more, if the 
frequencies of the two equipments are not identi- 
cal. 


MEASURING TECHNIQUE 


The measured data reported here have been taken at 
24,000 me. with scale models of various types of air- 
craft. The scaling factors were chosen to correspond to 
actual frequencies of 1,000-3,000 mc. The airplane 
with antenna system under test was used as a receiving 
system. The transmitter was located sufficiently far 
away to ensure a uniform field at the receiving location. 


he. 


Fic. 8. Typical azimuth field intensity patterns when two 
widely separated radiators are used, one nose and one tail, at 
three vertical angles 6 = 105° (A), 90° (B), and 75°(C). Note 
the relatively little change in pattern with vertical angle. 
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Fic 9. A method of operating two equipments on a dual 


complementary parallel antenna system. 


Fic. 10. 
The angular deflection plate below the antenna shields the tilting 
mechanism to prevent coupling to the test antenna on the aircraft. 


Model of DC-3 aircraft mounted for measurements 


Figs. 10 and 11 show models of DC-3 and DC-6 
used in actual measurements. The modeling technique 
and compilation and analysis of data are discussed 
elsewhere. ! 


CONCLUSION 


It appears that there is a good possibility of a solu- 
tion to the aircraft antenna problem both for Distance 
Measuring Equipment and Radar Safety Beacon by 
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using a single pair of antennas simultaneously. In any 
case, it seems quite certain that a separate solution, 


each involving a pair of antennas, is feasible both for 


DME and RSB. 

The above conclusions are based on sound engineering 
considerations scale-model experimental data 
But these are no substitute for final test of actual an 
tennas with working DME and RSB equipments in 
stalled in an aircraft (preferably several types of air 
craft). There remains the considerable amount of 
work in the actual design of suitable full-scale antennas 
to test properly the several promising combinations of 
This is 
necessary in order to be sure that no unforeseen limita 
tions or practical considerations stand in the way of a 
satisfactory solution to the problem of aircraft an 
tenna for U.H.F. Navigation Systems. 

It is expected that this part of the work will be well 
under way in the near future. 


pairs of antennas with working equipments. 
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Model of DC-6 aircraft showing more details of mount 
and tilt mechanism. 
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Systematic Cooling of 


Air-Borne Electronic Equipment’ 


WALTER ROBINSON? 
The Ohio State University 


SUMMARY 


For systematic cooling, electronic units should have coolant 


defined thermal characteristics which 


correlate surface temperature rise of basic components with 


flow connections and 


coolant flow rate. For least penalty on aircraft flight per- 
should with minimum 
internal temperature gradient. If permissible, flow of the ulti- 


mate coolant over electronic component surfaces is thermally 


formance, cooling systems function 


most advantageous. In central and group cooling systems, it 
is desirable to employ one or more transfer fluids, with or with- 
out refrigeration. When designing units for least internal tem- 
perature gradient, methods to be considered for cooling of com- 
ponent surfaces are: forced air or liquid flow, natural liquid 
convection or liquid spray (with or without boiling), and con- 
duction to external cooling surfaces. The physical character- 
istics and cooling power requirements of units having the same 
electrical performance, but different configurations suitable for 
application of these methods, are compared on the basis of 
data. Vertical-flow forced-air 
cooling of open units and internal liquid-spray cooling of closed 
units result in best thermal performance for each type. 


experimental and analytical 


INTRODUCTION 


sian SYSTEMS needed to accomplish the var- 
ious missions of modern aircraft have been com- 
posites of equipment units of many different physical 
configurations. These have evolved in meeting re- 
quirements of electrical functioning and heat dissipa- 
tion at high altitude. For example, high voltage has 
To this 
type of construction, the cylindrical equipment case has 
been most readily adaptable. 


made pressurization or sealing necessary. 


It has been accepted for 
its simplicity and small weight, while the waste of in- 
stallation space it produces has often been overlooked. 
Whether sealed or open to the atmosphere, units of 
widely different volumetric heat concentrations have 
frequently resulted either from specifications of dimen- 
sional limits chosen without consideration of probable 
heat generation or from restrictions imposed by me- 
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chanical and dimensional characteristics of basic elec- 
tronic components, irrespective of heat generation rate. 
Cooling methods have been used to cope as simply as 
possible with the encountered heat concentrations. 
Up to 200 watts per cu. ft. natural external and/or 
internal cooling has often been adequate. 
heat concentrations forced 


For greater 
airflow has been used, 
either over component or case surfaces (up to 500 watts 
per cu.ft.) or through passages of internal, envelope- 
type, and separate heat exchangers (up to 1,000 watts 
per cu.ft.). 

Based on environmental specifications that have 
evolved from concepts of thermal rating electrical ma- 
chinery designed for stationary application, electronic 
units are being developed which utilize individually the 
atmosphere of the installation compartment as heat sink. 
Their thermal evaluation is frequently performed under 
the unrealistic environmental conditions produced in an 
altitude chamber having high internal air velocities and 
containing no other electronic gear in the proximity of 
the test unit. When installed in an aircraft, the unit 
would require at the same air pressure a lower com- 
partment air temperature if confined closely by other 
heat-dissipating equipment and if not exposed to high- 
velocity air motion as in the altitude chamber. Air- 
frame manufacturers’ personnel has been charged with 
the responsibility to provide suitable thermal condi- 
tions, usually without being furnished rational thermal 
data for the equipment. Recently, comprehensive 
methods for the experimental and analytical thermal 
evaluation of air-cooled electronic equipment have been 
proposed.' The substitution of bench tests and ana- 
lytical procedures are suggested for many altitude cham- 
ber tests currently used. Methods for the presentation 
of equipment thermal characteristics in generalized 
form (fundamentally based on limiting component 
surface temperatures) are recommended, which should 
aid in the adaption of most. types of units to a consid- 
erable aircraft installation 


range of compartment 


conditions. 


EQUIPMENT COOLING SYSTEMS 


Frequently, equipment designed for heat dissipation 
to the compartment atmosphere and developed for 
increased output and reduced size is being installed in 
congested locations within aircraft. This has cre- 
ated a tendency for cooling of equipment compartments 
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8 T T T temperature environment possible for appreciable time. 
Therefore, it is necessary to condition the environment. 

2 In contrast, direct cooling of electronic equipment, 
x6 independent of environmental conditions, can be ac 
3 complished readily and with greater efficiency than en 
z vironmental cooling. 
24 
= Design Considerations 
WwW 
2 To cool aircraft electronic equipment systematically 
a0 and without imposing considerable penalty on the 
uJ 
it 
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SURFACE TEMPERATURE, °C 


Fic. 1. Effect of heat-transfer surface temperature on in 
ternal drag of ram-air cooling system (MJ) = flight Mach Num 
ber, f9 = atmospheric temperature, °C.) 


by air refrigeration, using the techniques of cabin com 
fortization. The combination of cabin and equipment 
cooling systems is often proposed. Yet, the two cooling 
problems are of quite different nature. The cabin 
must be cooled mainly because of external heat gain. 
Electronic equipment must be cooled to dissipate heat 
generated internally. Thus, a cooling requirement ex- 
ists whenever the electronic equipment is operating, 
while the cabin must be cooled only under certain air- 
craft operating conditions. For example, in flight at 
altitudes above 50,000 ft., cooling of the cabin may not 
be required even over a limited range of supersonic 
speeds. In the same aircraft, electronic equipment de- 
signed with emphasis on size reduction and thus having 
high heat concentration would be in need of some heat- 
dissipation system. The temperature and pressure 
limitations of flight personnel and of electronic com- 
ponents differ substantially. Permissible surface tem 
peratures for electronic components of 100° to 300°C. 
and the ability of some components to operate satis- 
factorily at very low air pressure cannot be matched by 
the human body. It is difficult to cool all surfaces of 
the human body directly to make occupancy of a high- 
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Fic. 2. Effect of heat-exchange effectiveness on internal drag 
of ram-air cooling system (J) = flight Mach Number, tf) = 
atmospheric temperature, °C., ¢; = heat-exchanger surface tem- 
perature, °C.) 


flight performance of the aircraft, advantage must 
be taken of the components’ ability to operate at 
relatively high surface temperature. This can best be 
done by providing a continuous heat-conveying system 
from the component surfaces to the ultimate coolant. 
Such systems should be, as much as possible, isolated 
from external thermal influences and should have little 
surface for external heat gain. The conventional air 
craft installation compartment does not meet these 
requirements and is not suitable as an intermediate 
link in the system. The coolant should be ducted di 
rectly to the individual electronic units, should pass 
through them or over their external heat-exchange sur 
faces, and should be ducted away. Much equipment 
currently in use would have to be modified to be made 
adaptable to this cooling method since each unit would 
need to have coolant inlet and cutlet connections. 
Most existing units of high heat concentration could 
be adapted quite readily since they have usually been 
designed for internal or external forced-air cooling. 


Any cooling system imposes by virtue of its weight, 
space, and power requirements a penalty on the air- 
craft's flight performance. Thus, its design must rep 
resent a compromise, which should be based on careful 
analysis. In most cases, particularly if the ultimate 
rejection of heat occurs to air, it is likely that the least 
performance penalty will be entailed if the temperature 
of the heat-transfer surface in contact with the ultimate 
coolant is made to approach component temperatures. 
This applies to all systems utilizing an ultimate coolant 
and lower temperature than the components. When 
the ultimate coolant is at higher temperature and a 
closed refrigeration system is used as an intermediate 
thermal link, the latter should receive heat at as high a 
temperature as practical. The optimum temperature 
differential to be maintained between component and 
ultimate heat-transfer surfaces is established when any 
increase in system weight, space, and power require 
ments, which may result from a further reduction of the 
temperature differential, increases the overall penalty 
imposed on the flight performance of the aircraft. 


A typical effect of ultimate heat-transfer surface 
temperature is illustrated by the variation of internal 
drag of a simple ram air system? for constant cooling 
capacity, flight speed, and altitude, as shown in Fig. 1. 


Since the lower drag at higher surface temperature 


would effect a fuel saving and thus a reduction in air 
craft load, a limited increase in weight and power re- 
quirements of the electronic equipment and interme- 
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diate heat-transfer system (if used) to produce higher 
surface temperature may be desirable, depending on 
the range and flight speed of the aircraft. Fuel savings 
at the expense of increased systems weight would be 
less desirable the shorter the required range. As shown 
in Fig. 2, the effectiveness of heat exchange—i.e., the 
extent to which the cooling air temperature is increased 
and approaches the temperature of the heat-exchange 
surfaces while passing over them—should be greater 
at higher flight speed in order to result in least drag.’ 
Greater effectiveness can be obtained by arranging the 
cooling surfaces into passages of greater length. 

Higher heat-exchange temperature differentials can 
be obtained by several means. Obviously, the most 
direct approach is to raise the allowable surface temper- 
ature of all components. Recent component develop- 
ments have accomplished this successfully. From the 
standpoint of cooling design, developments of high- 
temperature components that normally do not gener- 
ate heat at an appreciable rate, such as capacitors, com- 
position resistors, etc., have been particularly important 
since they have permitted raising the temperatures of 
the internal equipment atmosphere to near the per- 
missible surface temperature level of heat-dissipating 
components which is normally near 200°C. Heat dis- 
sipation from the latter can be accomplished with 
relatively small temperature difference with the aid of 
high heat-transfer coefficients that may be obtained, 
for example, with high rates of coolant flow. Thus, 
high-temperature components facilitate equipment cool- 
ing and improve its economy. However, they do not 
represent in themselves a complete solution to the prob- 
lem. 

With components of given allowable surface tem- 
peratures and an available ultimate coolant of given 
temperature, the highest temperature differentials for 
heat exchange can be obtained if the ultimate coolant 
is permitted to contact the surfaces of the component 
envelopes. Thus, the penalty imposed on aircraft 
performance by a well-designed open unit in which cool- 
ing air originating in the flight atmosphere flows over the 
tubes, transformers, resistors, etc., is not as great as 
that of a similar unit using the same components in a 
sealed case from which heat is being removed through a 
heat exchanger. The surfaces of the heat exchanger 
must operate at lower temperature than the compo- 
nents so that a temperature gradient be available for 
heat flow, regardless of what mechanism of internal 
heat transfer is being utilized. 

If the available ultimate coolant is not suitable as 
internal equipment atmosphere, the reduction of the 
temperature gradient between the components and the 
external cooling surface of the unit to a minimum should 
generally be the objective. However, this should not 
be accomplished by a large increase in weight or cooling 
power requirement of the unit. The permissible in- 
crease in complication and weight of the electronic 
equipment would depend on how critically the ult:mate 
heat-exchange surface temperature affects the weight 
and power requirements of the entire heat-dissipation 
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system. For example, if low-pressure air cf relatively 
high temperature is the external coolant of a sealed 
unit, the use of metallic or liquid high-conductance 
thermal links having appreciable weight would be 
more justified than if, for example, an expendable evap- 
orative coolant were used for ultimate heat dissipation. 
Thus, the design of each individual electronic unit is 
inseparably connected to the characteristics of the en- 
tire heat-dissipation system. 


Heat Conveyance and Coolants 


Cooling systems for electronic equipment operating 
in the steady thermal state may be broken down into 
the various parts of the heat-conveying mechanism 
that, for the individual unit, may function in series. 
They are (1) ultimate heat dissipation to a coolant 
that is external to the aircraft or is eventually discharged 
overboard, (2) intermediate heat dissipation to one 
or several transfer fluids in series, each circulating in a 
closed system with or without change of state, and 
(3) initial heat dissipation from component surfaces 
to a transfer fluid or an ultimate coolant. Thus, the 
initial heat dissipation from the component surfaces 
may also be the ultimate heat dissipation if it takes 
place to a coolant discharged overboard. In that case 
no intermiediate coolant would be required. The 
component coolant may be used as a transfer fluid toa 
heat-exchange surface from which the ultimate heat 
dissipation takes place or from which the heat is con- 
veyed by means of another intermediate coolant. 


Some possible ultimate coolants may be mentioned: 
(1) atmospheric air in boundary-layer flow or flowing 
within the aircraft due to simple ram or blower action; 
(2) atmospheric air reduced below ram temperature by 
expansion with energy extraction, with or without pre- 
vious mechanical compression and cooling; (3) expend- 
able liquids of relatively low vapor pressure having 
high latent heat of vaporization such as water, meth- 
anol, ete.; (4) expendable liquids of relatively high 
vapor pressure having low heat of vaporization but 
desirable electrical properties such as Freon refriger- 
ants, etec.; and (5) high-pressure fuel flowing to the 
aircraft power plant. Ultimate coolants (1), (2), and 
(4) are potentially also component coolants and can be 
used for the initial heat dissipation, depending on the 
electrical requirements of the equipment. 


Intermediate coolants may be (1) air at various pres- 
sure levels; (2) liquids of good electrical properties 
such as mineral oil, silicone oil, etc.; (3) liquids having 
principally good heat-transfer properties but poor 
electrical properties; (4) liquids that are available on 
the aircraft such as hydraulic fluids or lube oils; and 
(5) liquids of relatively high vapor pressure which 
change their state upon heat addition, are suitable as 
working fluids in vapor-cycle refrigeration systems, and 
usually have good electrical properties, such as most 
modern refrigerants. Intermediate coolants (1), (2), 
and (5) are potentially also component coolants and 
can be used within electronic units. In the transfer 
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Schematic of simple air-refrigeration cooling system for 
electronic equipment group. 


Fic. 3. 


T 
UNITS 
¢ 
@ AIR LIQUID ———VAPOR 
| REFRIGERANT 6 LIQUID REFRIGERANT 9 VAPOR SUCTION 
COMPRESSOR MANIFOLD MANIFOLD 

2 AIR TURBINE 7 EXPANSION VALVE 10 UNLOADING BY-PASS 
3 DE-SUPERHEATER 8 ELECTRONIC UNIT ( SUCT. PRES. - ACT'D) 
4 CONDENSER A. CLOSED EVAPORATOR Il AIR FLOW REGULATOR 
5 LIQUID RECEIVER B. LIQUID - FILLED OR SPRAY ( SUCT. PRES.-ACT'D) 
Fic. 4. Schematic of air-driven vapor-cycle refrigeration cooling 


system for electronic equipment group. 


process where mechanical refrigeration may be used to 
dissipate heat ultimately at a higher temperature than 
the equipment, the component surfaces proper may 
serve as the evaporator surfaces in the system. 

Most component coolants have been mentioned as 
ultimate or intermediate coolants. They are (1) air 
at various pressure levels and (2) liquids of various 
vapor pressures having suitable electrical properties. 
Among the liquids, the use of premium-priced fluids may 
be warranted if they exhibit excellent heat-transfer and 
electrical properties. Silicone oils are suitable for 
many applications and are economically acceptable for 
circulation through units and remote transfer lines of 
small size. Fluorinated liquids that exhibit excellent 
electrical and heat-transfer properties are currently 
high in cost. However, they merit consideration as 
component coolants to be contained in small quantities 
within electronic units of high heat concentration. 


System Arrangements 


The complexity in cooling-system design for elec- 
tronic equipment increases with the use of transfer 
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fluids different from the ultimate coolant, refrigeration 
within the transfer system or the ultimate system, 
number of electronic units to be served by the system, 
greater distances between units, and different temper 
ature requirements of units within the same system. 
Many combinations of the basic types of ultimate, 
intermediate, and component heat-transfer systems are 
obviously possible. The practicability of each must be 
defined in terms of the aircraft operating conditions 
and types of cooling loads for which it is suitable. 
Under certain conditions, the preferred system may be 
simple, consisting of an air induction duct with ram- 
pressure recovery or without pressure recovery but with 
blower, furnish:ng cooling air to one unit of appre- 
ciable size and heat dissipation and providing for dis 
charge of the heated air through a duct to the atmos 
phere. It has the merits of reliability, simplicity, and 
adaptability to relatively isolated units without the 
weight penalty of long transfer lines. Even at high 
flight speeds where the ram air temperature may ap 
proach 80°C., such a system may be acceptable, pro 
vided that the unit to be cooled is designed for high- 
velocity forced-air cooling. 

Greater complication n the cooling system design 
and arrangement is warranted when more than one 
unit is to be cooled. The logical next step in system 
development is the cooling of a group of units installed 
in relatively close proximity. For example, the pre 
ferred method may be the use of a simple air-refriger 
ation system installed in or near the equipment com 
partment, as shown schematically in Fig. 3. This ap 
pears desirable when the electronic equipment is lo 
cated at some distance from the source of compressed 
air, since it is more economical to convey the cooling 
air to the equipment’s vicinity at high pressure than 
at the low pressure it reaches after it is precooled by 
ram air and expanded in the turbine, as shown in Fig. 3. 
\ir refrigeration of this type should find application 
when the ram-air temperature is higher than the com- 
ponent temperatures or is lower but still so high that, 
in order to maintain desired equipment temperatures, 
extremely large quantities of ram air would be nec- 
essary and would impose large drag on the aircraft. 
Such an aiur-refrigeration system designed for direct 
equipment cooling could conceivably operate at an 
optimum turbine exhaust temperature that would be 
considerably higher than those usually associated with 
systems of this type used for cabin cooling. 

Consideration of vapor-cycle refrigeration would also 
be warranted when air refrigeration is applicable, 
particularly should equipments be designed with ex- 
ternal or internal liquid-cooling surfaces. The schematic 
of such a group system is shown in Fig. 4 with a con- 
denser cooled by ram air and a desuperheater cooled by 
exhaust air from the air turbine driving the refrigerant 
compressor. The distribution portion of such a system 
would have the merit of compactness since liquid lines 
to and return vapor lines from the units would be ap- 
preciably smaller than comparable air ducts. The 
overall penalty of this system on aircraft performance 
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is likely to be smaller than that of the air refrigeration 
system shown in Fig. 3. The complexity of control 
and the requirement for great reliability are increased 
when a central equipment cooling system is used for 
the entire aircraft. Such systems may serve other elec- 
trical and mechanical equipment components, but their 
principal heat loads would probably originate with the 
electronic equipment. Systems of this type would 
appear warranted mainly to simplify the requirements 
under conditions where mechanical components must 
be used (refrigeration systems) or when the ultimate 
heat dissipation would best occur in a single location. 
The schematic of Fig. 5 refers to a situation of the latter 
type. Fuel at high pressure within the power plant’s 
injection system is used as heat sink. Therefore, it is 
best to bring all heat to be dissipated from equipment 
items to the power plant. It is also apparent that in a 
central system the conveying of heat over appreciable 
distance could be performed more economically in 
respect to pumping power and space, and probably also 
in respect to weight, by means of a liquid, as shown in 
Fig. 5. For best utilization of the liquid intermediate 
coolant, direct circulation over electronic component 
surfaces would be thermally desirable but may not be 
practical from the operational standpoint. Chassis 
plates with liquid passages represent another possi- 
bility. The efficient use of liquid intermediate coolants 
requires the development of improved equipment de- 
sign techniques that are especially adapted to this 
cooling method. Liquid transfer systems can also 
serve through heat-exchangers groups of air-cooled 
equipment, as shown in Fig. 5. However, added bulk, 
weight, and power result from the heat exchangers, 
closed air-circulation systems, and circulating blowers. 
In general, the use of liquids as component coolants or 
intermediate coolants not only makes coolant distri- 
bution more economical but also tends to reduce the 
performance penalties imposed on the aircraft by the 
ultimate heat-dissipation process since the smallest 
temperature gradients are required between compo- 
nent and ultimate heat-dissipation surfaces. For 
large distances, the weight of a liquid distribution 
system may become so great as to offset the advantages 
realized by its small pumping power requirement. 
Its reliability would also be impaired by distance. 

The cooling systems discussed above and illustrated 
in Figs. 3, 4, and 5 are only examples of the many 
systems that may prove practical, each for a specific 
range of aircraft operational characteristics. Obvi- 
ously, there is a tremendous number of possible cooling 
systems and combinations of ultimate, intermediate, 
and component coolants, as well as of intermediate 
refrigeration devices and types of equipment construc- 
tion. A thorough and complete analysis with an 
entirely general treatment of all variables is an ex- 
tremely large task. Therefore, it appears to be most 
important to collect complete information on the per- 
formance and physical characteristics of all potentially 
applicable parts of possible cooling systems and to de- 
velop the methods of systems analysis as best possible. 
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© | POWER PLANT 8 RETURN BRANCH 
© 2 pump 9 RETURN MAIN 
3 HEAT EXCHANGER 10 HEAT EXCHANGER 
4 TRANSFER FLUIDPUMP 11 GROUP BLOWER 
4 1 5 SUPPLY FLUID MAIN 12 GROUP SUPPLY 
6 SUPPLY FLUID BRANCH MANIFOLD 
COMBUST. |, 7 EQUIPMENT GROUP 13. GROUP RETURN 
FUEL A. AIR-COOLED MANIFOLD 
TRANSFER B. LIQUID -COOLED 14 GROUP RETURN PUMP 


Fic. 5. Schematic of central equipment cooling system with heat 
rejection to fuel and liquid transfer system. 


Then, the choice of the optimum system can be made 
by conducting the analysis for each specific aircraft 
based on specified equipment locations, heat-dissipation 
rates, aircraft operational characteristics, and any re- 
strictive requirements imposed by the mission of the air- 
craft. This latter task will be the responsibility of air- 
frame manufacturers’ personnel. The first task of devel- 
oping basic data, the methods of analysis, and con- 
ducting systems analyses of more general nature which 
should yield results pointing the direction to be taken in 
equipment design for systematic cooling are current 
problems of research.* 


Equipment Thermal Data for Systems Application 


As has been mentioned before, electronic equipment 
designed for systematic cooling and adaptable to group 
and central cooling systems in which the compartment 
atmosphere is not utilized as a heat link must have 
coolant inlets and outlets to which distribution lines 
can be connected. Thus, the coolant flow pattern 
through each unit would be defined under all operating 
conditions. However, the required coolant flow rates 
for any unit would vary, depending on the available 
coolant inlet temperature. Instead of defining an 
ambient temperature as a requirement for satisfactory 
thermal operation, a practice that is undesirable even 
for most present equipment, thermal characteristics of 
ach unit as functions of coolant inlet temperature 
would be established by experimental and analytical 
evaluation procedures. 

Elaborate test apparatus for simulation of altitude 
pressure and temperature conditions will be unneces- 
sary since only forced-circulation flow systems would be 
applicable. The thermal performance can then be 
correlated with the weight flow rate of the specified 
coolant, independent of the coolant density. For 
example, in Fig. 6 is shown the method of presenting 
the characteristics of a unit having cooling airflow over 
the internal component surfaces.' A representative 
temperature, the so-called effective component tem- 
perature, is chosen as a measure of component tempera- 
ture level. The effective temperature is the average 
value of the surface hot-spot temperatures of compo- 
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lic. 6. Generalized thermal characteristics of forced-air-cooled 


electronic unit. 


Fic. 7a. Design features of open horizontal-cross-flow unit (1): 
Open tube compartment with airflow over component sur- 
faces. 


Fic.7b. Design features of open horizontal-cross-flow unit (1): 


Closed transformer compartment with airflow over mounting 
surface. 


nents constituting 75 per cent or more of the unit's 
total heat dissipation. As shown by curve B, the 
ratio of the effective temperature rise above the inlet 
temperature to the heat-absorption rate of the air, 
(tey — t)/da, is correlated with the flow rate practically 
independent of air pressure and temperature. Sim- 
ilarly, the pressure drop of the cooling air across the 


unit is correlated with the air rate and depends on the 
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density of the air at the inlet (defined by a, its ratio to 
a standard density), as shown by curve D. The heat 
absorption rate of the cooling air may differ from the 
unit’s rate of heat generation if there is heat loss from 
or heat gain to the case of the unit. The case heat-loss 
rate can be correlated with the effective-to-case tem 
perature difference, ty — ¢,, as shown by curve C 
The surface hot-spot temperature’s rise above inlet air 
temperature of the individual components, f¢., — h, 
can be correlated with the effective temperature rise, 
as shown by curves A. 

The types of correlation curves shown in Fig. 6 are 
obtainable for all coolants that, like air, have not highly 
variable physical properties in the range of probable 
available coolant temperatures. This would also in 
clude liquids, except that for each component the tem 
perature rise would probably correlate with the effec 
t.ve temperature rise linearly. The thermal charac 
teristics of externally cooled closed units can be ex 
pressed in similar manner. For them, the temperature 
of the external heat-exchange surface is substituted for 
the effective temperature in the correlation given by 
curve B of Fig. 6. If the case is part of the heat-ex 
change surface, curve C is not required, and the com- 
ponent temperatures can be plotted directly versus the 
heat-exchange surface temperature, somewhat simpler 
than curves A in Fig. 6. The pressure-drop character 
istics of the external cooling passage would be expressed 
in the manner shown by curve D in Fig. 6. 

When thermal data as presented in Fig. 6 are avail- 
able for every unit, the design of individual, group, or 
central cooling systems is considerably facilitated. 
The required coolant supply rate to each unit is readily 
determined from the characteristic curves on basis of 
the known allowable effective component or external 
heat-exchange surface temperature and the available 
coolant temperature. When the cooling mechanism is 
internal and the installation environment is such that 
heat loss from or heat gain to the case is expected to be 
appreciable, the use of the characteristics in Fig. 6 
involves a trial-and-error calculation process. 


CooLInNG DESIGN OF ELECTRONIC UNITS 


More than any other factor, the cooling design of 
each electronic unit operating as part of a system in 
fluences the overall requirements of coolant flow rate, 
coolant pressure, and power expended to convey the 


coolant over equipment heat-exchange surfaces. Typ 
ical results attainable by application of various methods 
are discussed in the following. Experimentally de- 
termined cooling characteristics! of several units ful 
filling the same electrical function and consisting of the 
same electronic components are used as comparative 
data on the different cooling design methods. To 
some extent, the results are affected by the type of unit 
and components, but they are qualitatively significant 
for electronic equipment in general. 

Seven different cooling design configurations of a 
power supply unit having a heat-dissipation rate of 
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330 watts are shown in Figs. 7 to 11. Each closed unit 
has an external heat-exchange surface of the same di- 
mensions. This allows comparison of the effects of dif- 
ferent internal designs on cooling requirements resulting 
from the different heat-exchanger surface temperatures. 
The open units can be compared with each other quan- 
titatively and with the closed units qualitatively. 


Open Units 


Two views of the chassis of an open unit in which 
airflow is produced horizontally across the tube surfaces 
are shown in Figs. 7a and 7b. The airflow through the 
tube compartment, shown in Fig. 7a, also cools the ver- 
tical mounting surfaces of the transformers. This is 
adequate to maintain required transformer tempera- 
tures, and, therefore, the compartment shown in Fig. 
7b is closed. The heat concentration of the unit is 
1,020 watts per cu.ft. In order to maintain the 6AS7 
regulator tubes in the flow passage at the specified sur- 
face temperature, the other tubes are overcooled. 


The features of a unit in wh‘ch airflow is produced 
vertically upward and essentially parallel to the tube 
surfaces are shown in Figs. Sa, 8b, and 8c. As shown 
in the schematic of Fig. 8a, air is admitted selectively 
only around the tube bases through ports (C) of vari- 
ous dimensions located in the chassis (B) and is dis- 
charged through ports (E) in a cover plate. The chas- 
sis ports are shown in Fig. Sb. There is no air admitted 
in the vicinity of the transformers, which are installed on 
the side surfaces as shown in Fig. Sc. By taking into 
account the magnitude of heat dissipation and the 
orientation of the internal structure of individual tubes 
when proportioning the air supply ports, essentially 
equal tube surface temperatures are produced. There 
is sufficient air diffusion into the transformer section 
and conduction from the vertical mounting surfaces 
to the cooled cover plate to maintain the transformers 
within allowable temperature limits. The heat con- 
centration of the unit is 1,460 watts per cu.ft. Be- 
cause of the selective air admission and the resulting 
operation of practically all components near their 
allowable surface temperature, this unit requires con- 
siderably less airflow than the horizontal cross-flow 
unit. 


Closed Conduction-Cooled Unit 


In Figs. 9a, 9b, and 9c are shown design features of a 
unit that is closed and utilizes principally conduction 
to transfer heat from the components to a heat-ex- 
changer plate. The cooling plate shown in Fig. 9b 
has passages for forced or induced flow of external air. 
The heat concentration of the unit is 1,350 watts per 
cu.ft. While the conduction paths through the ver- 
tical mounting surfaces shown in Fig. 9a are adequate 
to convey the heat dissipation of the transformers to 
the cooling plate attached to the top flange of the unit, 
the tubes require shields to conduct heat from their 
envelopes to the cooling plate. In Fig. 9c, the configu- 
ration of a conduction shield assembly for the 6AS7 
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Fic. 8a. Design features of open vertical-flow unit (2): 
Schematic of cooling air supply and discharge port arrangement 
for tubes. 


Fics. 8band 8c. Design features of open vertical-flow unit (2). 
(b) Supply ports in chassis. (c) Component arrangement of 
unit. 


tube, which is operated with an average heat dissipation 
of approximately 2 watts per sq.in. of total bulb surface, 
is shown. The main shield (B) is screwed into the 
cooling plate and has a slotted copper insert (D) that 
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Fic. 9a. Design features of closed conduction-cooled unit (: 
Component arrangement of unit. 


Fic. 9b. Design features of closed conduction-cooled unit (3): 
Air-cooled plate with conduction shields for tubes. 


centers the tube and aids in conducting heat. An 
auxiliary shield (E), held in position by a tube clip (F), 
conducts heat from the tapering lower part of the bulb 
to the main shield (B). Such complications are nec 
essary because deviations in bulb sizes require an air 
gap between tube (A) and shield (B) of at least ' jg in. 
This reduces gaseous conduction. To transmit heat 
by radiation even at a rate of only 1 watt per sq.in. 
and with an average bulb temperature of 160°C., re- 
quires a shield temperature below 30°C. For a hot-spot 


»\. 
oOo): 


temperature of 160° C., the shield temperature must 
be considerably lower. 

The auxiliary shield (E) is unnecessary for the other 
tubes in the unit. For the average heat dissipation oi 
2 watts per sq.in. of bulb surface, the shield structure 
shown in Fig. 9c is not sufficient to produce a tempera 
ture gradient of less than 150°C. between the tube hot 
spot and the plate. By filling the spaces between 
tube and shields with silicone grease having a thermal 
conductivity approximately five times that of air, the 
temperature gradient can be reduced to 100°C. Thus, 
corresponding to a specified hot-spot temperature of 
160°C. for the 6AS7 tube, the heat-exchanger surface 
temperature would be 60°C. 

While the method of cooling by conducting heat to 
i cooling plate is extremely suitable for components like 
transformers which have high internal thermal con- 
ductance, the cooling of glass tubes of significant heat 
dissipation can only be accomplished by complicated 
design of the conduction shields and the use of silicone 
greases as intermediaries. The weight of the shields 
in this unit is 3 Ibs. 
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Fic. 9c. Design features of closed conduction-cooled unit (3 


Details of conduction shield assembly for tube. 
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Sealed Internally Forced-Air-Cooled Unit 


In Fig. 10 is shown the schematic of a sealed unit 
utilizing the vertical flow pattern of the open unit of 
Figs. Sa, Sb, and Se and a heat exchanger with internal 
and external cooling passages having the same charac- 
teristics as the cooling plate shown in Fig. 9b. It is 
indicated that the vertical flow pattern is most suitable 
for the design of sealed units with external heat ex- 
changers. The thermal characteristics of this unit are 
derived by combining the performances of the open 
unit and of the cooling plate. An increase in the heat 
dissipation of the entire unit by about 11 per cent re- 
sults from the input to the blower motor. The internal 
circulating air temperature at the heat-exchanger out- 
let is assumed at 120°C. Then, to maintain the 6AS7 
tube at a hot-spot temperature of 160°C., the plate 
temperature necessary for the required internal air 
rate is 90°C. Thus, by proper chassis design, using se- 
lective air distribution, this more conventional method 
of cooling sealed units can result in smaller temperature 
gradients between tubes and external cooling air than 
may be achieved with the conduction-to-cooling plate 
method exemplified by the unit of Figs. 9a, 9b, 
and 9c. 


Liquid-Filled Units 


The heat concentration of the unit is again 1,350 
watts per cu.ft. when the components are arranged on 
a chassis, shown in Fig. 11a, which is suitable for a cylin- 
drical case. The component spacings are reduced, but 
the cylindrical case does not permit as effective a space 
utilization as the prismatic case. The configuration is 
suitable for liquid cooling at high pressures and is here 
also evaluated for other methods of liquid cooling. 
By filling the unit with mineral oil, as shown schemat- 
ically in Fig. 11b, the temperature gradient between the 
hot spot of the 6AS7 tube and the case is reduced to 
10°C. A heat-exchange surface on the upper portion 
of the cylindrical case surface would then operate at 
120°C. This implies an oil temperature of about 140°C. 
and indicates that, in order to realize the full advantage 
of small temperature gradients that are attainable by 
the use of liquid-cooling techniques, the temperature- 
sensitive components (here the capacitors) must be 
cap2ble of operating near the surface temperature of 
the heat-producing components. Filling the unit 
with oil adds 7 Ibs. to its weight. 


The schematic of Fig. 11b is also applicable to the 
configuration used when the unit is filled with a liquid 
of high vapor pressure, for example, Freon-11 which 
has good electrical properties and in which heat trans- 
fer from component surfaces occurs by the mechanism 
of submersed boiling. This heat-transfer mechanism 
reduces the temperature gradient between the hot spot 
of the 6AS7 tube and the case to about 22°C. Thus, 
the heat-exchanger surface at the top of the unit would 
operate at 138°C. This temperature gradient is on 
the order of that required with other fluids having good 
convective properties such as various fluorocarbon com- 
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exchanger (4). 


Design features of liquid-cooled units (5, 6, and 7): 
Chassis for cylindrical case. 


Fic. lla. 


COOLING AIR SPRAY 
PASSAGE HEADER 


LIQUID 
PASSAGE 


COOLING AIR 
PASSAGE 
Fics. 1lb and lle. Design features of liquid-cooled units 
(5, 6, and 7). (b) Schematic of liquid-filled unit with case heat 


exchanger (5 and 6). (c) Schematic of spray-cooled unit with 
case heat exchanger (7). 


pounds. The latter, however, do not have the Freons’ 
disadvantage of high vapor pressures that are encoun- 
tered when the liquid is maintained near the limiting 
surface temperatures of the heat-producing compo- 
nents and which necessitate heavy case construction. 
The weight added to the unit by filling with Freon-11 
is 10 lbs. The comparable weight of some of the fluoro- 
carbons would be 12 to 14 Ibs. 
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Spray-Cooled Unit 


The disadvantage of large weight increase is largely 
overcome by spray cooling with a liquid rather than 
immersing all components in it completely. The sche- 
matic of Fig. lle indicates the system applied to the 
unit and the most convenient location of the circulating 
pump and the external heat exchanger. The latter's 
surface is at 150°C. when the hot spot of the 6AS7 
tube is at 160°C. and mineral oil is used as spray cool- 
ant. Because of the small overall temperature dif 
ference that is so obtained, the use of evaporative cool- 
ants is not necessary in spray systems. The power 
economy that can be realized because of the smaller 
circulation rate required for an evaporative coolant 
is insignificant since it would change the heat dissipa 
tion of the unit less than | percent. The weight of the 
pump and spray distribution system would be about 
one-third that of the oil contained in the liquid-filled 
unit. The system has an element of unreliability in the 
possibility of spray nozzle clogging. This can be pre- 
vented by the use of larger nozzles and higher spray 
rates. In comparison to the unit’s heat-dissipation 
rate, the resulting increase in pumping power require 
ments would be insignificant. 


Comparison of Cooling Methods 


The seven different types of cooling are compared in 
Figs. 12, 13, and 14 for required airflow rate, pressure 
drop, and cooling power required to achieve a 160°C. 
hot-spot temperature for the 6AS7 tube in each unit, 
over a range of cooling air temperature at 40,000-ft. 
pressure altitude. The curves are labeled with refer- 
ence to the unit numbers indicated in the captions of 
Figs. 7 to 11. 


The highest air rate shown in Fig. 12 is for the open 
horizontal-cross-flow unit designed with component 
spacings for minimum cooling power attainable with 
this cooling method.® As seen in Fig. 13, its pressure 
drop is the lowest. However, because of the large air 
rate its cooling power is greater than for the open ver- 
tical-flow unit. The latter type requires approxi- 
mately one-fourth the air rate, which gives, even though 
the pressure drop for the same air temperature is more 
than twice as great as that of the horizontal-cross-flow 
unit, a substantially lower cooling-power requirement. 
The significance of this is indicated in Fig. 14 by the air 
temperatures that can be used for the two types at equal 
cooling power. The greater the permissible air tem- 
perature, the more suitable is the unit for application in 
high-speed aircraft. In that respect the open vertical- 
flow unit is superior to all other types. 


Among the five closed types utilizing the same exter- 
nal heat-exchange surface, the air rates in Fig. 12, the 
pressure drops in Fig. 13, and the cooling-power re- 
quirements in Fig. 14 increase in the same order. Fora 
given cooling air temperature, they increase with lower 
heat-exchanger surface temperature required by the 
given cooling method. Thus, in the order of decreasing 
cooling economy, the units should be listed as (1) liquid 
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spray, (2) Freon-filled, (3) oil-filled, (4) sealed with 
vertical internal airflow, and (5) conduction-to-cooling 
surface. For example, at 10 per cent cooling power 
ie., the air power is 33 watts—the permissible cooling 
air temperatures for the units in the order listed are 
86°, 75°, 60°, 28°, and 7°C., respectively. In terms of 
cooling system design this would normally mean the 
necessity of providing refrigerated air for the latter 
types, while simple ram-air cooling may be feasible for 
the liquid-cooled types, provided the flight speed does 
not exceed Mach 1.5 at altitudes above 40,000 ft. It 
is also significant to note that the liquid-spray method 
can be applied with the same power economy as the 
open cross-flow method, with the added advantage of 
reduced equipment size and sealing from environmental 
effects but probably with some increase in equipment 
weight. The other cooling methods for sealed units 
would penalize aircraft performance more than the open 
units because of greater air rate, pressure drop, and 
oling power. 

The comparison of the seven units here discussed can- 
not be generalized without exception. The relative 
merits are affected by the type of unit for which the 
comparison is made. However, the results should be 
generally applicable to units of heat concentrations 
greater than 1,000 watts per cu.ft., operating at a com- 
ponent temperature level on the order of 160°C. The 
open vertical airflow method appears to be superior 
whenever existing voltages do not require sealing. Its 
application in the illustrated manner may not be as 
readily accomplished in miniature construction but is 
practical when applied to subassemblies. For units 
that must be sealed from the flight environment, the 
liquid-spray method appears to be thermally superior. 
Its perfection for acceptable reliability requires the 
development of suitable mechanical components. For 
realization of the optimum in equipment size reduction 
which potentially can be accomplished with this cooling 
method, the development of a new line of miniature 
electronic components of heat-dissipation rates on the 
order of 5 to 10 watts per sq.in. of surface would be de- 
sirable. It should then be feasible to design high-power 
air-borne electronic equipment so reduced in size that 
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heat concentrations of 3,000 watts per cu.ft. would be 
obtained which could readily be coped with by the 
spray-cooling method. 


CONCLUSION 


It is hoped that this paper helps to indicate the gen- 
eral lines of approach to the solution of the cooling 
problem in air-borne electronic equipment. The de- 
sign of cooling systems and of electronic equipment are 
inseparably related. It will be necessary to base the 
design of future electronic equipment on specifications 
of coolant properties rather than of environmental con- 
ditions. In the development of electronic equipment 
to provide required operational functions with least 
penalty on aircraft flight performance, the greatest con- 
tribution can be made by the equipment designer by 
use of rational design methods and application of tech- 
niques that result in least temperature gradients be- 
tween component and equipment cooling surfaces. 
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What Magnetic Amplifiers Can Do 


to Increase Aircraft Reliability 


GEORGE F. SCHROEDER * 


Ford Instrument Companyt 


ADVANTAGES OF MAGNETIC AMPLIFIERS 
Ruggedness and Reliability 


+} ae AMPLIFYING ELEMENTS of magnetic amplifiers 
are saturable reactors that physically resemble 
transformers but which utilize the magnetic properties 
of special core materials for amplification. Since mag 
netic amplifiers contain no moving or fragile parts but 
consist mainly of transformer-like reactors and me- 
tallic rectifiers, their chief advantage is found in their 
ruggedness and reliability. They can withstand vibra- 
tion and shock equally as well as a transformer. They 
can be physically isolated and sealed since they are 
practically maintenance-free. In fact, it has been 
found that the life of magnetic amplifiers is usually 
limited by the life of the rectifiers in the system. 
Uninterrupted service of at least 10,000 hours of oper- 
ation—-which at present is the minimum life of most 
rectifiers is general. By de-rating the rectifiers, the 
life of magnetic amplifiers can be extended almost in- 
definitely. 


No Warmup Time 


Another advantage is the complete lack of a starting 
period. No warmup time is required. Thus, arma 
ment control systems, navigational systems, booster and 
control systems, and all other types that use magnetic 
amplifiers can be operated immediately to meet any 
emergency situation. They need not be continuously 
energized in anticipation of their use at some critical 
moment. In addition, ‘zero warmup time’ may be 
credited with saving stand-by power, and, as a result, 
the active service life of the unit is further extended. 


No Cooling Problems 


Heat dissipation, a constant problem in the design of 
vacuum tube amplifiers, presents only minor difficulty 
to the magnetic amplifier designer. Since there are no 
filaments to heat, there is saving in power. Further 
more, since less cooling is needed, a design more compact 
than an equivalent electronic design can be made when- 
ever power amplification is involved. This feature of 
compactness becomes more evident when we realize 
that magnetic amplifiers require no “B’’ power supply. 


Presented at the Electronics Session, Twenty-First Annual 
Meeting, I.A.S., New ors, January 26-29, 1953. 

* Assistant Chief Engineer. 

+ Division of The Spersy Corporation. 


CRITERIA FOR EVALUATING MAGNETIC AMPLIFIERS 


For application purposes, magnetic amplifiers can be 
evaluated on the basis of the following criteria: sen 
sitivity, gain, linearity, response time, and stability. 


Sensitivity 


Amplifiers sensitive to signals less than 1 milliwatt 
have been devised. These include magnetic amplifica 
tion of such low energy signals as those derived from 
thermocouples, control transformers, potentiometers, 
and various sensing devices. 


Gain 


Power gains of single-stage amplifiers have gone as 
high as 1,000,000. Although there is no theoretical 
limit to single-stage power gains, practical considera- 
tions usually limit amplification to much lower values. 
The controlling factors, in addition to those of fabrica 
tion, are linearity, circuit stability, and = signal-to 
noise ratio. 

Where relatively large gains are required together 
with good linearity, stability, and low signal-to-noise 
ratio, it is necessary to cascade two or more stages. 
Ford Instrument Company has developed circuits that 
permit the cascading of a large number of stages. 
Che input stage is operated at low power and voltage 
levels, thereby increasing sensitivity over that of an 
equivalent single-stage amplifier. By working with 
lower voltages, smaller rectifiers can be used in each 
stage. In addition, voltages induced in the control 
windings are minimized, facilitating their reduction to 
a negligible level at the input signal source by the bal 
ancing effect of the amplifier circuits. 


Linearity 


Linearity of a typical half-wave bridge stage is shown 
by the gain curve in Fig. 1. There is a constant out 
put-input ratio up to SO per cent of the output load, 
and above S80 per cent the curve becomes nonlinear. 
Depending upon the requirements of the particular 
circuit, linearity can be extended over a larger range of 
input signals by the use of negative feedback at the cost 
of some gain. 


Response Time 


The response time, or time constant, of an amplifier 
is a measure of the speed with which its output follows 
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a change in input. One particular definition is the time 
required for the output to reach approximately 63 per 
cent of its final value in response to a step change in the 
input. For most applications, it is desired that the 
amplifier time constant be as small as possible and that 
it be symmetrical—that is, the same for both increasing 
and decreasing signals. By suitable design techniques, 
magnetic amplifiers can be made to satisfy the response 
time requirements for almost every application. 

The response time for a single-stage self-saturating 
circuit has a theoretical minimum of ',». cycle, unless 
recourse is made to special techniques, since the recti- 
fier in series with the anode winding de-energizes the 
reactor for ! It is evident, then, that a 400- 
cycle system will respond in less than one-sixth the 
time of a 60-cycle system. 


2 cycle. 


At higher frequencies, the 
effect of the shunt capacitance of the common types of 
rectifier cells becomes appreciable; this gives rise to 
If germanium crystal or similar 
rectifiers are used, however, it is possible to go up to the 


circuit instability. 


megacycle range. 

In order to develop circuits that have response times 
approaching the theoretical minimum of !/»2 cycle, it is 
necessary to minimize the magnitude of the circulating 
currents. With large circulating currents present, the 
system takes longer to reach its steady state. Also, 
the system suffers losses in gain and sensitivity. To 
overcome this difficulty special circuits have been 
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Frequency Response 


A more complete representation of amplifier perform- 
ance than response time is given by the frequency-re- 
sponse characteristics of Fig. 2. This is a plot of such 
data for a single-stage circuit having a modulated 400- 
cycle input signal and is typical of a number of half- 
wave single-stage circuits made by Ford Instrument 
Company. The abscissa scale represents modulation 
frequencies; the left ordinate scale gives the ratio of 
output to input voltage, and the right ordinate scale 
shows phase shift. 

The amplifier output is seen to be essentially flat to 
10 cycles—that is, to 250 rad. 
the phase lag is less than 40°. 


Over most of this range, 

These characteristics 
lend themselves quite readily to servo applications. It 
should be noted that the phase lag is the resultant of a 
fixed time delay and the normal minimum phase char- 
acteristic. This may be of importance in some servo 
applications. 


Circuit Stability Criteria 


Circuit stability may be judged by the effects of 
variations in frequency, line voltage, temperature, and 
age. 

In most of the older magnetic amplifier circuits, vari- 
ations in supply voltage had a decided effect on the 
output. By using bridge-type circuits, we are able to 
reduce appreciably the effects of line voltage and fre- 
quency variations. 


FREQUENCY RESPONSE 
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SINGLE PHASE FULL - WAVE RECTIFIER CIRCUIT 
Fic. 3. 
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The effect of temperature on rectifier leakage and the 
effect of rectifier aging have been reduced by shunting 
the rectifier with a resistor having a lower resistance 
than the back resistance of the rectifier itself. In this 
way, the two resistances in parallel are substantially 
constant. 


APPLICATIONS OF SATURABLE REACTOR 


The saturable reactor may function in one of several 
capacities—as an amplifier, as a relay device, or as a 
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voltage or frequency sensing element. Consequently, 
the reactors are applicable to many diverse types of 
air-borne equipments such as navigational computing 
instruments, armament control systems, rocket control 
devices, turrets, radar antenna 
drives, control surface and landing-gear systems, fre 


power-driven gun 


quency changers and converters, autopilots, boosters, 
and radar. 


Unfortunately, security regulations prevent the dis 
cussion of many of these applications. However, some 
applications have appeared in the press, and others 
have been declassified and may be discussed; perhaps 
from these an indication of scope may be gained. 


Converter 


A problem easily solved by the magnetic amplifier is 
that of converting a.c. power to accurately regulated d.c. 
power. Asan example, Fig. 3 showsa single-phase full 
wave rectifier circuit. There are no tubes or moving 
At the output, the regulated voltage is 


applied across a voltage divider 


parts present. 
regulation is within 
The efficiency curve for a converter designed 
for 50 amp. d.c. output is shown in Fig. 4. 


1 per cent. 
At design 
load, the efficiency is better than 70 per cent. If de 
sign calls for less accurate regulation, the efficiency can 
be increased. 


Turret Drive 


Another magnetic amplifier application is illustrated 
by the turret-drive system shown in Fig. 5. The order 
signal from the computer is compared with the turret- 
drive response signal to form an error signal, which 
controls the magnetic amplifier. The amplifier, in 
turn, powers the servomotor and thus the turret. This 
system has proved to be highly accurate. 


Autopilot 


The use of magnetic amplifiers in autopilots is partic- 
ularly advantageous from the point of view of stabil- 
ity and continuity of operation, and of resistance to vi- 
bration and shock, which conditions are indigenous to 
military aircraft. A block diagram of an autopilot us- 
ing magnetic amplifiers is shown in Fig. 6. The dif- 
ference between the pitch error and the servo position 
is the input to each of two magnetic amplifiers; one 
controls the trim tab servo, and the other the elevator 
servo. The magnetic amplifier could just as easily be 
included in an autopilot system to control the lateral 
and roll attitudes and the throttle controls. 


In connection with servomechanism applications, we 
can mention that magnetic amplifiers have been de- 
veloped which directly control servomotors ranging in 
power from '/, watt to 5 hp. Considerably larger 
amounts of power can be controlled if required. 


Pulse Generator 


By cascading series circuits of saturable reactors and 
capacitors as shown in Fig. 7, a pulse generator is de- 


signed which gives a high rate of discharge. The pulse 
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MAGNETIC 


width can be made small depending only on the num- 
ber of cascaded stages; limitations are somewhat im- 
posed by the departure of the performance of the prac- 
tical core from that of the ideal core. The magnetic 
pulse generator is particularly applicable to radar where 
it can replace the troublesome thyratron type of modu- 
lator. Such a magnetic modulator is almost free of 


pulse “‘jitters.’ 


Time Delay or Smoothing Unit 


For some installations, a large rather than a small re- 
sponse time may be required. This is true when the 
amplifier is to operate as a time-delay unit or is to pro- 
duce a smoothing action. By incorporating separate 
shorted windings on the core, either function may be 
accomplished. 


Voltage Reference 


Since saturation of a core occurs at a fixed voltage 
that can be made quite independent of time and tempera- 
ture, it is possible to use a saturable reactor as a precise 
voltage reference. It is believed that this device can 
be used to improve the voltage regulation of aircraft 
electrical systems. 


Relay 


The last application to be discussed is that of the re- 
lay. A relay type of saturable reactor circuit is shown 
in Fig. 8. Its operation is such that the circuit is either 
on or off, either completely saturated or not at all. 
Reference to Fig. 9 shows the effect of feedback on the 
output load response. Note that as the feedback be- 
comes more positive, the slope of the output-in- 
put curve becomes more nearly vertical. A point is 
finally reached where an extremely small control current 
causes the output load to jump to its maximum value. 
By biasing, the curves can be shifted so that operation 
centers about zero signal current or any other value re- 
quired. 


CONCLUSION 


Today, the magnetic amplifier has become standard 
equipment in many installations that had previously 
required shock-mounted electronic amplifiers. The fu- 
ture of the device is wide. We can look forward to its 
operating up to the megacycle range, to its increased 
used as a computing element, and to its increased ap- 
plication in the field of servomechanisms. This future 
is bound up with the development of even better core 
materials, more efficient rectifiers, and, of course, the 


ability of the engineers to devise new and better cir- 
cuitry. 
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Some Basic Concepts for Analyzing 
Dynamic Flight Test Data—H. Klein and 
R. Sedney. 


Survey of Friction Coefficients, Recovery 


Factors, and Heat-lransfer Coefficients 
for Supersonic Flow—Joseph Kaye 


Summer Meeting Papers Currently Available 


$0.75 


0.75 


0.85 


0.75 


383 


382 


380 


379 


378 


377 


Slender-Body Theory: Review and Exten- 
sions—Mac C. Adams and W. R. Sears. 


The Airplane Growth Factor and How 
to Control It—l. H. Driggs. 


New Components for Air-Frame Construc- 
tion—Report of Progress—John F 
Faulkner and John H. Alden 


Fundamental Aspects of an Hydraulic 
Type-Powered Flight Control System 
Harold M. DeGroff, Ray C. Binder, 
John G. Truxal, and J. Robert Burnett 


Liquid-Coupled Regenerators for Turbo 
props—A. L. London and W. M. Kays 
Structural Analysis of Swept, Low Aspect 
Ratio, Multispar Aircraft Wings—Hans 

Schuerch 


number from: 


Preprint Department, Institute of the Aeronautical Sciences 


2 East 64th Street, New York 21, N.Y. 


Member 
Price 


$0.35 


0.35 


0.50 


0.65 


0.65 


0.65 


0.65 


0.65 


0.35 


0.50 


Nonmember 
Price 


$0.75 


0.75 


0.85 


1.00 


1.00 


1.00 


100 


1.00 


1.00 


0.75 


0.85 


| | 
|| 
| 
| 
| | 
| 
= = 
0.7 400 
0 35 0.75 = | 
- 
| 
0.75 | 
1.00 = | 
0.50 
0.75 
0.75 
50 5.85 | 
| 
| 
| 
| 
= 
= | 
| 


AERONAUTICAL ENGINEERING REVIEW—MAY, 1953 


NOW AVAILABLE 
1953 EDITION 


of the 
AERONAUTICAL ENGINEERING 
CATALOG 


COMPLETELY REVISED AND ENLARGED to include new items of equipment, new 
companies, and changes of address, the 1953 AERONAUTICAL ENGINEERING CATALOG 
is a complete self-contained informational service on aviation’s components manufac- 
turers and the products they are equipped to supply. Order your copy today. The 
supply is limited. 


FEATURES: 


e A MASTER FILE of company catalogs e@ 45,000 MANUFACTURERS’ LISTINGS 
covering a wide range of aircraft’ products. 
Page after page of specifications and technical 
data on the products of leading manufacturers 
of aircraft components. 

e NAMES, ADDRESSES, AND DESCRIP- 


dexed. Reliable sources are screened carefully 
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facturers of aircraft and guided missile materi- 
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This valve is a Spendthrift 


ut it needn't be! Valve clearance 
trouble, with resulting fuel and power 
waste, is easily detected by the Sperry 
Engine Analyzer. By using vibration 
analysis to check each cylinder under 
normal operating conditions, valve 
clearances can be adjusted for smoother 
engine performance. Result... engines 
develop full power—run cooler—use less 
fuel—last longer. 

Vibration analysis, exclusive with 
the Sperry Engine Analyzer, can be 
employed either in flight or on the 
ground. When using the Engine Ana- 
lyzer, valve clearance can be easily 
checked at each inspection and over- 
haul—a profitable procedure for airlines 
and executive aircraft operators. 


GREAT NECK, NEW YORK + CLEVELAND *« NEW ORLEANS 
IN CANADA « SPERRY GYROSCOPE COMPANY O 


In addition to vibration analysis. the 
Sperry Engine Analyzer also provides 
detailed ignition analysis. It imme- 
diately detects, locates and identifies 
irregularities in aircraft power plants 
either during flight or on the ground. 
Aside from saving ground maintenance 
time, the Engine Analyzer enables 
the flight engineer to maintain proper 
Operating conditions at all times 
and prevents unnecessary component 
replacements. 

Our nearest district office will give 
you complete data upon request. 


SPERRY PORTABLE ENGINE ANALYZER 


Ss 


GYROSCOPE COMPANY 


DIVISION OF THE SPERRY CORPORATION 


US 


* BROOKLYN « LOS ANGELES « SEATTLE 


SAN FRANCISC( 


F CANADA, LIMITED, MONTREAL, QUEBEC 
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Asymptotic Forms of Shock Waves in Flows 
over Symmetrical Bodies at Mach 1 


By 
Capt. David T. Barish and Dr. Gottfried 
Guderly 


Wright-Patterson Air Force Base 


The forms of shock waves in flows at 
Mach 1 at large distances from a sym 
metrical body are considered for planar 
and for axisymmetric flows. It has pre- 
viously been shown that for the flow up- 
stream of such shocks similarity solutions 
exist. It is found that the assumption of 
similarity solutions downstream of the 
shocks is consistent with the shock rela- 
tions in the transonic approximation 
These facts are used to compute the flow 
fields at large distances from the bodies 


Bending of Thin Elastic Plates of Variable 
Thickness 


By 
Y. C. Fung 
California Institute of Technology 


Southwell’s equations for the bending 
of thin elastic plates are derived from a 
new point of view and extended to plates 
of variable thickness and mixed boundary 
conditions. The bending and_ twisting 
moments and the transverse shear in the 
plate are expressed in terms of two “‘stress 
functions’ and V. The boundary con 
ditions are such that, on an unsupported 
edge, the boundary values of U’ and V are 
known and, on a clamped edge, the first 
derivative of U, V are known. Thus, the 
new formulation is particularly adaptable 
to plates with free edges, for which the 
classical Kirchhoff-Love formulation ex 
pressed in terms of the deflection function 
is inconvenient because the boundary con 
ditions involve the second- and third-order 
derivatives 

rhe theory is applied to a square plate 
With linear thickness variation (cross 
sections in the form of a double wedge) 
simply supported at two diagonal corners 
and loaded by a pair of equal forces at the 
other two corners. This loading condi- 
tion is chosen for its simplicity in experi- 
mental verification that is carried out 


Summaries 


The stresses and deflection of this plate 
are found by the relaxation method. The 
profound influence of the thickness varia 
tion on the stress distribution is shown by 
comparing the results with the exact 
solution for a plate of uniform thickness 
under the same loading condition. The 
theoretical results agree with the experi- 
ments within the estimated error of both, 
indicating that the formulation of the 
bending problems for plates of variable 
thickness is sound. 

The influence of the thickness variation 
and the power of the method are further 
illustrated by the results for the bending 
of the square plate by uniform edge 
moments and also for a full-span_ solid 
swept wing 


An Investigation of the Flow About Cones 
and Wedges At and Beyond the Critical 
Angle 


By 
G. W. Johnston 


Institute of Aerophysics, University 
of Toronto 


An experimental investigation has been 
carried out in the Institute of Aerophysics 
16- by 16-in. supersonic wind tunnel to 
determine the extent and general nature 
of the subsonic field produced ahead of 
wedge and cone models during bow-wave 
detachment and beyond, where the free 
stream Mach Number lies in the super 
sonic régime. All tests were carried out 
at a nominal Mach Number of 2.5 under 
conditions of zero lift. The extent and 
growth, both lateral and forward, of the 
imbedded subsonic field has been measured 
for both models at the critical angle and 
beyond from a series of schlieren and 
shadow flow photographs. The general 
nature of the associated subsonic field was 
determined over the same range from a 
series of pressure distributions taken at 
the model surface and from the measured 
shock-wave geometry. The pressure 
measurements have also been used to 
determine the forebody pressure drag of 
cones and wedges at the detachment angle 
and throughout the critical position of 
the detached region. A method has been 
developed which allows a complete theo- 
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retical solution of the detached subsonic 
flow about a wedge model. This method 
does not rely on a preliminary knowledge 
of the bow-wave geometry but is carried 
out in the hodograph plane. 

The salient characteristics of the de- 
tached flow about both the cone and 
wedge models are shown. These charac- 
teristics are similar to those occurring at 
transonic Mach Numbers. 


Stress Analysis of Sheet Stringer Panels 
with Cutouts 


By 
Harvey G. McComb, Jr. 
Langley Aeronautical Laboratory, 


N.A.C.A 


A method is presented for determining 
the stresses in axially loaded sheet- 
stringer panels having cutouts The 
method is based on the use of so-called 
“unit perturbation’’ solutions that are 
appropriately superposed to give the 
effects of the cutout on the stress distribu 
tion that would exist with no cutout. 
The analysis of stringer reinforcements 
and doubler plates is carried out in a 
similar fashion. 


Preprint No. 394 


Shock-Wave Effects on the Laminar Skin 
Friction of an Insulated Flat Plate at Hyper- 
sonic Speeds 


By 
Ting-¥i Li and H. T. Nagamatsu 
California Institute of Technology 


An approximate theory on the phe 
nomena of interaction between the shock 
wave and the laminar boundary layer on 
an insulated flat plate at hypersonic 


speeds has been formulated. Results on 
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the rate of growth of the boundary-layer Equations for the Loading on Triangular triangular wings with leading and trailing 
thickness and the rate of decay of the Wings Having Supersonic Leading and edges ahead of the Mach cones. 


wwe Trailing Edges Due to Various Basic TWist = are presented for the potential pressur: 

which hold for My" * YR * = O(1). A Distributions and span-load distributions due to con 
stant, linear, parabolic, and cubic twist 

distributions. In addition, design charts 


new set of formulas for the average skin- 


friction coefficient, Cr, over an insulated 


flat plate at hypersonic speeds has been By for the rapid evaluation of the pressure 
obtained. Calculations on the basis of Julian H. Kainer are 

: : 1e results are directly applicable to 
the new Cy formulas yield the data shown ra 


Republic Aviation Corporation rigid wings with built-in twist and may 


in Figs. 5 and 6. Contrary » con- 
in Figs. 5 and 6. Contrary to the con be applied to the aeroelastic problem by 


ventional theory that predicts a steady 


The linearized supersonic flow theory means of superposition of the basic solu 
decrease in Cp as M, increases, the present has been applied to determine the poten- tions. In addition, a means of obtaining 
results indicate that Cy may increase with tial pressure and span-load distributions pressure distribution on wings in the 
MQ, at hypersonic Mach Numbers. due to various basic twist distributions on presence of bodies is suggested. 
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No. Price Price No. Price Price 
FF-8 Compressive Buckling of Plates Due to 170 Wave Contours in the Wake of a 10 
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and ti—?P. P. Bijleard and G. $. John- Towing Tank, Stevens Institute of Tech- : 
wet $1.30 $2.00 nology $1.20 $1.60 
‘ 169 The Discontinuous Fluid Flow Past an Im- 
james L. ©. Fitz Patrick. $2.65 $3.50 Tank, Stevens Institute of Technology. $0.75 $1.00 
FF-6 Wetted Length and Center of Pressure of 168 Wave Contours in the Wake of a 20 
ee-Step Planing Surfaces—Experi- Deadrise Planing Surface—Experimen 
mental Towing Tank, Stevens Institute of tal Towing Tank, Stevens Institute of 
Technology. $1.20 $1.60 Technology $1.20 $1.60 
FF-5 Symposium on Standardization in Technical 167 On the Pressure Distribution for a Wedge 
0 i , Stevens Institute o 
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Rotor—R Allen. $0.75 $1.00 
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Another new development using 


B. F. Goodrich Chemical 


Lead-wire made by Scintilla Magneto Div., Bendix Aviation Corp., Sidney, N. Y. 
B. F. Goodrich Chemical Co. supplies the Geon paste resin for the plastisol compound only. 


Geon helps protect new lead-wire assembly 


IRCRAFT engine lead-wires for 
A carrying high voltage from the 
transformer coil to spark plug were 
rubber covered nickel braid. They fre- 
quently deteriorated quickly from the 
effects of ozone and engine heat. Result 
—higher maintenance costs, /ower 
satety factor. 

After months of experimenting, en- 
gineers came up with the answer: a 
lead-wire with an inner lining of plas- 
tisol made from Geon paste resin, plus 
two other layers of plastisol between 
the nickel braid. 


This lightweight, vinyl plastic im- 


pregnated lead-wire has the strong, 
waterproof, ozone and heat-resistant 
protection that was needed. A flexible 
metal tube insert for enclosing the 
wires is no longer required. And this 
Geon-helped lead-wire also resists the 
effects of mineral spirit solvents which 
are flushed on the engine during clean- 
ing Operations. 

Plastisols made from Geon paste 
resin can be molded, cast, coated or 
dipped. They can be made resistant to 
oils, greases, heat and cold, abrasion 
and many chemicals. Perhaps Geon 
paste resin, or other Geon materials, 
can help you improve or develop more 
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4 Inner lining of 
Ge on-base d plastisol. 


saleable products. For technical bulle- 
tins, please write Dept. HF-5, B. F. 
Goodrich Chemical Company, Rose 
Building, Cleveland 15, Ohio. Cable 
address: Goodchemco. In Canada: 
Kitchener, Ontario. 


GEON RESINS e GOOD-RITE PLASTICIZERS .. . the ideal team to make products easier, better and more saleable 


GEON polyvinyl materials e 


HYCAR American rubber e 


GOOD-RITE chemicals and plasticizers 


HARMON colors 
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News of Members 


(Continued from page 35) 


Communications Service, Mountain Home 
A.F.B., Idaho. Formerly, Student Offi- 
cer, Communications Electronics Staff 
Officers Course, Air Command and Staff 
School, Air University, Maxwell A.F.B., 
Ala. 


Second Lieutenant Guido J. Frassinelli, 
US.A.F. (T.M.), Wright Air Develop- 
ment Center, Wright-Patterson A.F.B., 
Ohio. Formerly, Engineer, Aero-Elastic 
and Structures Research, Massachusetts 
Institute of Technology. 


Second Lieutenant Joseph Gentile, 
U.S.A.F. (T.M.), 3415 Technical Training 
Wing, Air Training Command, Lowry 
A.F.B., Colo. Formerly, Test Engineer, 
Wright Aeronautical Division, Curtiss- 
Wright Corporation. 


A. La Vielle Lawbaugh (A.F.), Super- 
visor, Preliminary Design Group, Aero- 
physics Department, North American 
Aviation, Inc. Formerly, Design Spe- 
cialist, North American. 


Carson E. Lebo, Jr. (T.M.), Engineering 
Design and Layout, Chase Aircraft Com- 
pany Formerly, Senior Engineering 
Draftsman, The Glenn L. Martin Com- 
pany. 


John W. Mazur (M.), Chief Design 
Engineer, Doman Helicopters, Inc.  For- 
merly, Senior Project Engineer, Rotary 
Wing Branch, Flight Test Division, 
N.A.T.C., Patuxent River, Md. 

Major Ralph D. McKee, U.S.A.F. 
(T.M.), Navigator, 370 Bomb Sq., 307 
Bomb. Wing, A.P.O. 239-1, c/o P.M., San 
Francisco, Calif. Formerly, Project Offi- 
cer, Aircraft Lab., Wind Tunnel Branch, 
Wright Air Development Center, Wright- 
Patterson A.F.B., Ohio. 


Walter G. E. Mosebach (A.F.), Man- 
ager, Product Engineering Department, 
Piloted Aircraft Engineering Division, 
Goodyear Aircraft Corporation, Goodyear 
Tire & Rubber Company. Formerly, 
Manager, General Aireraft Design, Good 
year Aircraft Corporation 


W. S. Mount (M.), Manager, Aviation 
Department, Socony-Vacuum Oil Com- 
pany, Inc. Formerly, Engineer, Socony- 
Vacuum. 


Dr. Richard W. Porter (M.), General 
Manager, Guided Missile Department, 
Acronautic & Ordnance Systems Divi- 
sion, General Electric Company.  For- 
merly, Engineer—Special Projects Engi- 
neering, G-E 


Grady M. Slagle (T.M.), Research 
Assistant, Project Meteor, and Graduate 
Student in Aeronautical Engineering, 
Massachusetts Institute of Technology 
Formerly, Research Engineer, Mechanical 
Laboratory, Southwest Research Institute 

Miss Franki L. van der Wal (T.M.), 
Associate Engineer, Reaction Motors, Inc 
Formerly, National Research Council 
Fellow in Aeronautics, Royal Institute of 
Technology, Stockholm, Sweden 

John M. Warner (T.M.), Engineer, 
Aerodynaiics Department, The de Havil- 
land Aircraft Company, Ltd. Formerly, 
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Project Engineer, British European Air- 
ways. 

Claude R. Woodard (T.M.), Assistant 
Flight Test Engineer, Flight Research 
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Department, Cornell Aeronautical Labora 
tory, Inc. Formerly, Design Engineer 
Staff Research and Development, Thomp 
son Products, Inc. 


American Helicopter Society News 


Ninth Annual Forum 


The Ninth Annual Forum of the 
American Helicopter Society is sched- 
uled to be held in Washington, D.C., 
from May 14 to 17. It will be climaxed 
by a helicopter air show, which will be a 
part of the Armed Forces Day celebra 
tion. 

Headquarters for the Forum wil! be 
at the Mayflower Hotel, where technical 
sessions will be held on May 14 and 15 
and where the annual Honors Night 
Banquet will take place on May 16. 
Display space for company exibits will 
be provided in the lobby of the May 
flower. 

Guests from England and France are 
expected to participate in the technical 
discussions with American designers of 
helicopters. 

Charles W. Lefever, of Prewitt Air 
craft Company, is serving as Chairman 
of the Ninth Annual Forum, 


New Constitution Ratified 


The new constitution for the American 
Helicopter Society hes been ratified by 
an overwhelming vote President T. R. 
Pierpoint reports that a final count of 
the ballots showed 130 in favor of the 
draft and nobody voting nay. Ten 
unmarked ballots were received. 

Members of the committee who 
worked on the new constitution were 
Ed Katzenberger, of Sikorsky; C. L. 
(Les) Morris, of Kaman; and Paul 
Stanley, of the Autogiro Company of 
America. 


Prospective Japanese Members 


As the result of a recent trip to Japan 
by Harry S. Pack, Vice-President of 
Piasecki Helicopter Corporation, A.H.S. 
may soon have some new members in 
that country. Pack was entertained by 
the Japan Helicopter Society and stirred 
up some interest in the American pro 
gram. Harry Lounsburv has followed 
up with a letter to Japan outlining our 
activities and inviting the rotarv-wing 
fans to sign up \ good supply of 
membership blanks was forwarded. 


Mid-Eastern Region Meeting 


A.H.S. members of the Mid-Eastern 
Region recently met in Upper Darby 
Pa., to hear L. S. Guarino, of the Phila 
delphia Navy Yard’s Aeronautical In 
struments Laboratory, discuss ‘‘Auto 
matic Control and Stabilization of 
Helicopters.” 

In his talk, Guarino disclosed that an 
automatic engine-speed controller can 
be used to maintain constant enginé and 
rotor r.p.m., thereby relieving the pilot 
of the task of making r.p.m. corrections 
when collective pitch is varied. 

He said the Navy laboratory is 
evaluating this technique with encourag 
ing results. 

Guarino predicted that the device will 
be accepted by pilots with more enthu 
siasm than the automatic pilot on 
helicopters. 

“This system,” he said, “can readily 
lend itself to complete stabilization 
when and if required. To incorporate 
complete stabilization and automati 
control will necessitate merely the addi 
tion of attitude signals to the inner loop 
of the roll, pitch, and vaw axes and the 
iddition of an @Jtitude-sensing servo 
mechanism to the collective pitch con 
trol.”’ 

“The biggest asset of the system,”’ he 
said, ‘is the fact that it does not hamper 
the maneuverability of the helicopter, 
and overpowering the control system 
requires no greater effort than ordinary 
manual flying.” 

In addition to the presentation of 
Guarino’s paper, four helicopter movies 
were shown: The Navy's HUP-2 Auto 
pilot training film; Bell Aircraft’s film 
on the Helicopter Air Services in Chicago, 
Postmen of the Air; and two from 
McDonnell on the ‘Little Henry” heli 
copter and the XHJD-1. 

A ballot, to nominate regional mem 
bers for the national officers’ slate, was 
voted upon with the following results 
President—Charles W. Lefever, Pre 
witt Aircraft; Vice-Presidents— Edward 
P. Miller, Kellett Aircraft, and Frank 
K. MacMahon, Piasecki; Treasurer 
Monroe R. Brown, Piasecki; and Secre 
tary—Jean Ross Howard, A.I.A. 


CLAUDE O. Witz! 
Publicity Chairman, A.H.S 


The future of automatic 


Hight is being shaped here 


In discharging its responsibilities as the world’s largest 
producer of aviation instruments and accessories, Eclipse- 
Pioneer must be constantly developing and testing for 
the future, as well as maintaining the highest possible 
quality performance in today’s products. To accomplish 
this complex two-fold job requires far more than just 
ordinary methods and facilities. One of many of Eclipse- 
Pioneer’s unique facilities is a high-precision analog 
computer installation used for testing and advancing 
world-famous E-P automatic flight systems. Capable of 
solving problems involving 28th order differential 
equations having as many as twenty continuously vary- 
ing coefficients, tais electronic brain’s answers to simu- 
lated flight conditions and related problems are impor- 
tant not only in attaining highest performance in present 
systems, but also in hastening the tomorrow when more 
complete, more efficient flight systems will make the 
automatic airplane completely practical. Here is genuine 
evidence and a typical example of the way Eclipse- 
Pioneer is working to produce constantly better and 
better precision products for the world of flight. 


WORLD'S LARGEST PRODUCER OF AVIATION 
INSTRUMENTS AND ACCESSORIES 


Eclipse Pioneer 


TETERBORO, NEW JERSEY - DIVISION OF =r 


PRECISION PRODUCTS* 
MADE BY 
ECLIPSE-PIONEER 
Automatic Pilot and Flight 

Path Control Equipment 


Airplane and Engine 
Instruments 


Flight and Navigation 
Instruments 

Power Supply Equipment 
Air Pressurization and Ice 
Elimination Equipment 
Engine Starting Equipment 
Oxygen Equipment 
Precision Components for 


Servo-mechanism and 
Computing Equipment 
Sand, Permanent Mold and 
Die Castings of Magnesium 
and Aluminum 


Plaster Mold Castings 
*Manvtacturing capacity is now 
available for a great many models 
of these products. 


Export Sales: Bendix International Division 
72 Fifth Avenue, New York 11, N.Y. 
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Corporate Member News 


e@ Aeroquip Corporation... A recently de 
veloped Anti-Icing Hose Line for jet 
engines is now in production. This new 
type of hose line conveys hot air at tem- 
peratures as high as 450°F. from the last 
stage of the jet-engine compressor for- 
ward to the engine nose for the purpose of 
preventing ice formation Maximum 
operating pressure is 120 Ibs. per sq.in 
It is constructed of a silicone inner tube 
aud a braided stainless-steel cover. A 
“Little Gem” fitting was specially de 
veloped for use with the Anti-Icing Hose 
Line. The fitting is so designed that the 
reinforcing braid of the hose alone is 
clamped between the socket and the nipple, 
while the fluid-tight seal is accomplished 
by separating the end of the inner tube 
from the braid and using it as a lip seal in 
an annular chamber. 

e AiResearch Manufacturing Company... 
A description of the pneumatic tempera- 
ture control unit, model No. 107614, is 
contained in a 4-page bulletin, No. 2-6-1, 
now available from the Los Angeles com- 
pany. This current production unit is a 
redesign of part No. 107610, to which it is 
similar in both operation and performance. 
Operation, performance data, and applica- 
tious are found in this bulletin in addition 
to schematic diagrams and dimensions 
Notes and required problem statements 
complete the details 

e Bendix Aviation Corporation .. . 
Lawrence A. Hyland, a pioneer in radar 
detection of aircraft, has been elected to 
the post of Vice-President in Charge of 
Engineering for Bendix. Mr. Hyland 
joined Bendix in 1937 and has been a Vice- 
President since 1949 

e Bendix Radio Division, Bendix Avia- 
tion Corporation ... A new 18-lb. V.H.F. 
receiver, now in production at Bendix 
Radio, provides 360  crystal-controlled 
channels. This receiver, the RA-18B, also 
provides 50-ke. channel spacing and is 
designed as a companion to the Bendix 
TA-18BBtransmitter. The RA-18B oper- 
ates in the frequency range of 118.0 to 
135.9 me. Selection of the desired fre- 
quency is accomplished by a control panel 
located in the ship’s cockpit. The re- 
ceiver operates from 27.5-volt d.c. or from 
115-volt a.c. primary power source 
Either type of power supply may be 
mounted as an integral part of the re- 
ceiver 

e The Bristol Aeroplane Company of 
Canada Ltd. ... Three Bristol Freighters, 
each powered by two Bristol Hercules 734 
engines, are scheduled to be delivered to 
Trans-Canada Air Lines in September or 
October of this year. This delivery to 
T.C.A. is said to mark the first use in 
North America by a scheduled air line of 
aircraft designed solely for the purpose of 
carrying cargo. The Freighter has a 
total cargo capacity of 2,360 cu-ft., a 
range of more than 1,500 miles, a pay load 
of over 7 tons, and a cruising speed of 165 
m.p.h. It has an overall length of 68 ft 
$ in., and a wing span of 108 ft. 

® Consolidated Vultee Aircraft Corpora- 
tion . . . Effective last February 15, the 
Convair plant at Pomona, Calif., became 


THE FAIRCHILD-POWERED RYAN 
TARGET DRONE 


The details of the J-44 turbojet engine 


(above), a product of the Fairchild Engine 
Division of Fairchild Engine and Airplane 
Corporation, as well « ts use in Ryan 


Aeronautical Company 
altitude pilotless target 
bee, were announced or 
scribed as the most powerful engine of its 
size yet deve lope d in th yuntry, the J-44 is 
in the 1,000-lb.-thrust power class, weighs 
300 lbs., and measures 72 in. in length and 
22 in. in diameter 
sheet-metal cowl of monocoque construction 
which forms both a pressure chamber and a 


high-speed high 
drone, the Q-2 Fire 
February 21. De 


features an outer 


frame structure connecting the two main 
bearing supports 


THE NAVY’S NEW PRESSURE SUIT 
This photograph shows the recently an 


nounced high-altitude pressure suit de 
veloped and engineered for the U.S. Navy 
by The B. F. Goodrich Company. This 
suit is designed to infl automatically to 
survival pressures in ¢ of failure of the 
plane’s pressurization ysltem 
its own supply of oxyger 
sure, this suit is said afeguard life at 
altitudes as high as 100,000 ft. According 
to company claims, th gh-altitude pres 
fli ever made 


Carrying 
nd air under pres 


sure suit is the most 
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known as the Pomona Division. It wa 
previously referred to as the 


Missile Division. 


Guided 


e Edo Corporation and The Cessna Air- 
craft Company ... The Cessna 180 ha 
been officially approved to operate as 

seaplane using Edo’s Model 2425 floats 
Under normal water conditions and aided 
by Edo’s Para-lift flaps, the 180 takes off 
within 15 sec. Its rate of climb fully 
loaded is given as 940 ft. per min. with ; 
service ceiling of 16,500 ft. 


m.p.h 


e@ General Electric Company... U.S.A.F 
approval has been granted to G-E’s Air 
craft Gas Turbine Division whereby only 
one out of every ten J-47 jet engines on the 
production lines must be strip-tested 
This action, it is said, will result in savings 
of over 2,300,000 gals. of gasoline and 
92,000 man-hours of work. . . . Two new 
departments, Guided Missiles and Aircraft 
Products, have been established within 
G-E’s Aeronautic & Ordnance Systems 
Division. The Guided Missile Depart 
ment will do research and development on 
guided-missiles programs for the Armed 
Services, while the Aircraft Products 
Department will be devoted to the develop 
ment and production of aircraft armament 
systems and allied products. The Guided 
Missiles Department is located in the 
Schenectady plant, and the Aircraft 
Products Department is at the Johnson 
City, N.Y., plant. 

e G. M. Giannini & Company, Inc... . An 
Angular Position Encoder, now availabk 
for general use, can be used for indicating 
angular shaft positions of 360° or less with 
a claimed accuracy of 0.1 per cent without 
use of gearing. The maximum shaft speed 
of 100 r.p.m. is presently possible. The 
unit can be connected directly to electro 
mechanical printers or card-punch equip 
ment to provide decimal digital data 

e The B. F. Goodrich Company... . Th« 
development of a small electronically con 
trolled pneumatic De-icer, about one-sixth 
the size of original ones, has been an 
nounced by the company. The De-icer, 
it is said, operates at three times the pres 
sure of earlier types and completes the 
inflation-deflation cycle three times as 
fast. It consists of a network of small 
inflatable rubber tubes that expand suflici 
ently to crack off the ice but not enough to 
distort materially the shape of wing or 
tail surfaces. Goodrich engineers state 
that more than half a mile of this tubing, 
imbedded in thin” panels of rubber 
cemented to leading edges of the wing and 
tail surfaces, is required to protect aircraft 
from ice 

@ Goodyear Tire & Rubber Company... 
A new Piloted Aircraft Engineering Divi 
sion, incorporating four long-standing d¢ 
partments, has been created at Goodyear 


Aircraft Corporation. These four de 
partments are: Product Engineering, 
Project Engineering, Technical Service, 


and Administration 


e Hamilton Standard Division, United 
Aircraft Corporation . . . A wide-bladed 
propeller of hollow-steel construction sup 
ported internally by a steel core has been 
placed in limited production. This pro 
peller, when mounted on a 5,500-hp. Pratt 


As a seaplane, 
the 180 has a cruising speed in excess,of 135: 
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S 
I 
( 


A nine-ton bullet hurtling through 


handling. That’s why the North 


he f space at 10 miles per minute takes some 
American F-86D uses Lear controls. 


Smoothly and automatically the Lear designed F-5 
ve Autopilot ...the lightest weight production Autopilot in use in 
ith jet fighters... puts this fast jet plane through her paces. 
ee Lear Damping Controls augment the plane’s natural stability 
7 
e and allow smoother flight over the plane’s air-speed 
ro range. Lear Vertical Gyro Indicator Systems instantly and 

i accurately present a true picture of the plane’s attitude. 
he 5 In jet fighters, bombers, transports and airliners 
th Lear Control and Actuating Systems and 
ul Components are making flight smoother 

p tie 
id faster, more economical 
the —and safer. 
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ted GRAND RAPIDS DIVISION 


110 IONIA AVE., N.W., GRAND RAPIDS 2, MICHIGAN 


LEAR-ROMEC DIVISION, ELYRIA, OHIO 
tt LEARCAL DIVISION, LOS ANGELES, CALIFORNIA 
LEAR, INCORPORATED, GRAND RAPIDS 2, MICHIGAN 


LEAR DAMPING 
CONTROL SYSTEM 


..anticipates and measures rate of 


deviation from established heading 
and applies corrective force to control 
system through Lear Servo-Actuator. 


VERTICAL GYRO SYSTEMS 


OTHER INSTRUMENT PRODUCTS: 


AUTOMATIC APPROACH COUPLERS AND 
FLIGHT CONTROLS * CONTROL MECHANISM 
GYROS * REMOTE READING GYRO 
INSTRUMENTS ¢ RATE GYROS 
MISSILE FLIGHT CONTROLS 


TH -AMERICAN'S F-86D 
AA ae ; 
: 
‘ = 
+ 
AUTOMATIC PILOTS 
| 
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LOCKHEED C-130, A TURBOPROP TRANSPORT 


A scale model of Lockheed Aircraft Corporation’s new turboprop-pi 
nated the C-130, is shown in the accompanying photograph. The ( 
assault and support missions, carry troops and supplies to the front, and ¢ 
It is powered by Allison turboprop engines that turn Curt 


to the rear. 


transport, desig 


port the wounded 
Wright three bladed 


Turbolectric propellers. Its dimensions are: wing span, 132 ft.; length, 95 ft.; and height, 
38 ft. The C-130 was designed by Lockheed in consultation with the Air Force and other 


branches of the armed forces. 


Lockheed’s Burbank plant. 


& Whitney T-34 turboprop engine, is said 
to give more propulsive thrust for take-off 
than any other propeller-engine combina 
tion in a similar advanced stage of de 
velopment. This propeller, which has the 
widest blades yet built, has been selected 
by the U.S. Navy for its R7V-2 turboprop 
version of the Lockheed Super Constella- 
tion transport, which will fly sometime 
this year. Designed initially for engines 
in the 5,000-hp. class, this propeller is the 
first of a line of propellers which, in various 
combinations of numbers of blades, can be 
adapted for engines of more than 9,000 hp 
and airplane speeds of more than 500 
m.p.h. 


e Lear, Incorporated... At arecent Board 
of Directors meeting, Roy J. Benecchi, 
Assistant General Manager of Lear’s 
Grand Rapids Division, was appointed an 
Assistant Secretary of the corporation 


e Lockheed Aircraft Corporation ... A 
5,000 cu.ft. refrigerator designed to deep 
freeze metal plane parts in order to keep 
them soft between two steps in fabrication 
Was put tmto operation recently at Bur- 
bank. This $20,000 unit, which measures 
10 by 12 by 11 ft., incorporates two open 
ings: one is an outward-swinging door 
located at one side through which persons 
may pass; the other is an overhead door, 
measuring 34 by 4 ft., which is accessible 
to an overhead crane and sufficiently large 
to accommodate such pieces as the 32-ft 

long one-piece wing panels used on Super 
Constellation transports. . .. A $8,000,000 
manufacturing buildiag is being planned 
to provide additional space for assembly 


Prototypes of this transport are now 
Production of the C-130 is planned for t/ 


construction at 
ia Division 


THUNDERJET MILESTONE 


Alexander Kartveli, F.1.A.S. (left), Vice-President 


poration and Designer 
of Republic, stand before the 
ticular plane was delivered to the U.S.A.F 
nations of the North Atlant 


designed to fly 


4,000th F-S84 to be manufactured by the company. 


MAY, 1953 


lines for transports and other large militar 
aircraft at Burbank. 


@ Minneapolis-Honeywell Regulator Com- 


pany ... A highly intricate electrica 
“brain” that nakes automatic flight poss 
ble from take-off to landing and which ji 
known as an Automatic Master Sequen 
Selecter (AMSS) has been developed by 
Honeywell's aeronautical research engi 
neers in cooperation with the U.S.A.F. Ai 
Research and Development Command 
Wright Air Development Center. Thi 
device, which is described as another ste; 
toward completely automatic flight, use 
the punched-tape principle to program th« 
functions of the autopilot and the air 
speed control 
unit is a tape into which a_ prescribe 
flight plan (including taxiing, take-ofi 
climb, etc.) has been punched by means of 
a special coding device developed by 
Honeywell for use with the AMSS. This 


punched tape is fed through the device, 


which has among its 1,000-plus parts and 
several milcs of wiring 430 metal pin 
located in a sensing element. These pia 
move along the surface of the tape aud 
upon locating the punches drop througi 
them to make electrical contacts that in 
turn are converted into signals that oper 
ate the plane’s controls. During a flight, a 
rigid time schedule is maintained by mean 
of another Honeywell development, ar 
Off-Schedule Distance (OSD) computer 
The AMSS is so designed that the humat 
pilot can take over manual control in 
stantly if he should so desire 


e North American Aviation, Inc... . Th: 
first of North American’s 25-ton carriet 
based AJ-2 Navy bombers was test-flown 
on February 19. The AJ-2 is powered by 
two Pratt & Whitney R-2800 reciprocating 


Engineering of Republic Aviation Cor 
F-S84 Thunderjet, and Mundy I. Peale, A.M.I.A.S., President 
This par 
However, the Thunderjet is in service with nine 
c Treaty Organization. 


The control media of this 
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South Wind Winterizes 
Continental Packette Engines 


... AIRBORNE PRE-HEATER PROVIDES 
STARTING IN LESS THAN 3() MINUTES AT 65 BELOW! 


Meeting the stiffest requirements of cold-weather starting, the South Wind 
Heater can be used for pre-heating any engine in the Packette series. Makes 
starting easier, faster at all tempera- 


tures by flooding engine compo- 


nents, battery, crankcase 
and carburetor with 


warm heated air. 


Duct carries 
hot air.e- 


to crankcase through opening in 
block to heat inside of engine. F 
Engine is completely — 7 
to capture heat as it escapes 1ror 
r—this warm air pre-heats 
e 

exterio 
heater exhaust passes throug a 

exchanger in oil sump to — Le 
Hot air is div verted to engine 1! u 


system for starting phase. 


interio 


r surface of engi 


There’s a South Wind Heater for 
every Pre-Heating need 


Do You Have A Heating Problem? South Wind is 
prepared to install pre-heating systems in every 


way to answer your requirements. Write today for 
the experienced counsel of South Wind field en- 
gineers about any problem in external or internal 


REG U S PAT OFF. pre-heating. Wide range of South Wind Heaters 
includes 20,000—30,000—50,000—100,000—200,0 
PERSONAL HEATING 0,000 and 


600,000 BTU/hr. capacities. Stewart-Warner Cor- 
ENGINE AND EQUIPMENT poration, South Wind Division, Indianapolis, Ind. 
PRE-HEATING 


WINDSHIELD DEFROSTING 
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AIRBORNE 


Controls 
and 
Control Systems 


Do you have a control, or control 
system, problem? If so, we’dlike to 
help you solve it. We’ve enlarged 
our research and development 
section so as to be of greater serv- 
ice to the aircraft industry. One 
project, now under way, is devel- 
opment of an even better control 
system for positioning an actua- 
tor by manual remote control or 
keeping two or more actuators 
in the desired relative positions. 
Another is widening the applica- 
bility of 26 volt DC control and 
control systems. A third is the 
perfecting of a 400 cycle control 
to operate with our 400 cycle, 110 
volt motor and new actuators. 


Our broad experience in the 
design and manufacture of 
electromechanical actuators, 
coupled with our expanded facil- 
ities for research and develop- 
ment work, enables us to give 
you more help. Let us develop 
a control system to exactly meet 
your application. Our recommen- 
dations will be based on an 
analysis of your needs, 


A full statement of your require- 
ments will permit us to study 


your problem and estimate our 
ability to solve it. 


ACCESSORIES 
CORPORATION 


1414 Chestnut Avenue 
Hillside 5, N. J. 


AL ENGINE! 


RING 


engines and one Allison J-33 turbojet en 
gine. The R-2800 engines are equipped 
with four-bladed Hamilton Standard pro 
pellers. The AJ-2 h 1 single large com 
partment to accommodate a crew of three 
and operates at speeds up to 450 m.p.h 
Its wing span measures approximately 75 
ft.; its length, over 65 ft.; and its height, 
21 ft. The wings and vertical stabilizer o! 
the AJ-2 fold to facilitate handling and 
storage below 
Midway class. 


decks on carriers of the 
e@ Northrop Aircraft, Inc. ... An agree 
ment has been whereby Northrop 
will purchase approximately 65 acres of 
land adjacent to the Hawthorne plant 
The property is being purchased to provide 
“maximum efficiency for the company’s 
flight operations from Hawthorne Munici 
pal Airport and for possible future expan 
sion.’’ New facilities to be occupied by 
Northrop are now under construction at E] 
Segundo and at Ontario (Calif.) Inter 
national Airport 


made 


e The Parker Appliance Company 
District sales offices have been opened in 
Cleveland and Los Angeles. Other offices 
in a half-dozen other important industrial 
centers are expected to be established be 
fore long. 


@ Seaboard & Western Airlines, Inc. . . 
Under a $350,000 equ 
tion program, Pratt & Whitney 1,450-hp 
R2000-7m2 engines are being installed on 
the DC-4 aircraft of the company’s At 
lantic Division hese engines provide 
100 hp. per engin« than those pre 
viously used and permit an 
gross take-off weight of each aircraft from 
70,700 Ibs. to 73,000 Ibs A total revenue 
lift of 36,598,933 ton-miles in commerical 
and military freight operations was flown 
across the Atlantic and Pacific Oceans 
during 1952 by Seaboard & Western’s Air 
trader fleet. The Airts 
6,940,634 revenue miles 
flight hours. Seaboard & Western has 
ordered four all-freight Super Constella 
tions, which are scheduled for delivery in 
1954. 


moderniza 


more 


increase in 


ider fleet logged 
in 38,257 revenue 


e@ Solar Aircraft Company 
turbine engines are to be assembled in the 
new factory building located adjacent to 
Solar’s turbine test building in San Diego 
This new assembly building with its 7,500 
sq.ft. of manufacturing space and a 1,000 
sq.ft. mezzanine was 
pletion on May 1 


gas 


cheduled for com 


e Telecomputing Corporation . . . Th 


Teleducer, Type 24A, which automatically 


converts analog voltages into decimal 
digits with an accuracy of 0.1 per cent 
(1,000 counts full ile), has been an 
nounced The Teleducer, it is said, 


operates upon dema 
voltage, and holds th 
tion for a controllab 
purposes of display, 1 
sired readout form. 
be recorded by meat 


ligitizes an input 
digital representa 
riod of time for 
ding, or any de 
ligital output can 
punched card, 
an electric typewriter ignetic tape, or 
punched tape. The ins 
low voltage without 
high voltage by meat 


rument digitizes 
mplification and 
ttenuators. <A 


simple-bridge balancing circuit is used 
which is said not to hunt or oscillate and 
to require only 0.8 sec. or less to reach 


balance. 


REVIEW 


MAGNETIC AMPLIFIERS — 
These high gain, high per- 
formance Magnetic Ampli- 
fiers are especially suitable 
to drive two phase induc- 
tion servo motors requiring 
from 0.1 watt to 20 watts 
per phase on either 400 
cps or 60 cps powerlines. 
The output power is either 
in phase or 180 out of 
phase with the powerline 
D.C. input signal polarity. 


SATURABLE 
TRANSFORMERS, 
REACTORS 


Lower power gain, 
Magnetic Amplifi- 
ers designed to 
drive two phase in- 
duction motors. 
Output powers 

available are from — 
0.5 watt to 1000 
400 or 60 cps. Catalog available. 


DATA SHEETS 
AVAILABLE 


STANDARD 
TUBELESS SERVO AMPLIFIERS 


with built-in adjustable SERVO 
LOOP STABILIZATION. Packaged, 
pletely self-contained, magnetic servo ampli- 
fiers for position servo systems where either 
A.C. or D.C. error signals are available. De- 
signed for instrument type and power type 
servo systems to work with synchro control 
transformers or potentiometers and two phase 
induction servo motors. 


com- 


y 


s 
tem design, 


MAGNETIC 
AMPLIFIERS - INC 


An Affiliate of General Ceramics & Steatite Corp 


632 TINTON AVE., NEW YORK 55, N. Y. 
Telephone: CYPRESS 2-6610 


19583 
MAY 
Preritiva Performance! 
| 4 
x 
depending on the —----------- 
Facilities Know-How to Enginee, 
Design ang Manufacture 
MAGNET SERVO AMPLIFIERS VARIABLE 
SPEED DRIVES MAGNET ¢ VOlTAace 
CURRENT FREQUENCy REGULATOR. 
Where the Standarg Units do NOt mee; 
Your Our ©"9ineering facil; 
ties g Work With YOu on 
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| 
@ Inertial Guidance Systems, Servo-mechanisms 
' @ Radar, Telemefering, Antennas, Wave Guide 
@ Production Test Equipment, Go-No-Go Type 
i. : @ Electronic Flight Test and Field Test Programs 
Your Inquiry Held in Strict Confidence 


Engineering Personnel 
BELL AIRCRAFT CORPORATION 
P. O. Box 1, Buffalo 5, N. Y. 


[ Please send me a copy of “Engineering Opportunities.” 
(3 | would like to ‘arrange an interview. 
Personal resume is attached. 


Excellent Salaries @ Challenging Assignments 
Address 
Training and Tuition Assistance Programs | 
| City Zone State 


Liberal Benefits ¢ Long Range Opportunity 
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United Air Lines, Inc. ... A Mono-Rail 
Sun Visor, easily installed and weighing 
less than 2 Ibs., has been developed by 
United’s maintenance personiel to shield 
the pilots from the glare of the sun. This 
8!'/2- by 11-in. visor is made of smoky- 
green du Pont acrylic resii, which is said 
to absorb more than 85 per cent of the 
sun’s ultra-violet rays. The visor is 
mounted on a nonmagnetic steel tube that 
extends along the upper edge of the cock- 
pit windshield. Thus, it can be moved into 
whatever position is necessary or can be 
flipped up out of the way. Two of these 
visors are installed on each of the Main 
liners and Cargoliners for the use of the 
pilot and copilot. Under an agreement 
with United, Mono-Rail Sun Visors are 


.A.S. 


Baltimore Section 
J. Francis Maloney, Secretary 


Dr. Wernher von Braun, noted rocket 
engineer who is Technical Director, 
Guided Missile Development Group, 
Redstone Arsenal, Huntsville, Ala., was 
the speaker at a meeting held jointly 
with the Associate Council and affiliates 
of the Engineer’s Club of Baltimore. 
The meeting was convened at 8:30 p.m. 
on February 12 in the Maryland 
Casualty Company auditorium. 


Boston Section 
E. A. McBride, Secretary 


Seventy-five persons attended the 
January 19 meeting, which was held at 
Massachusetts Institute of Technology 
in Cambridge. Chairman Ray L. Bis 
plinghoff presided. 

The speaker of the evening was Dr. 
Jerome Hunsaker, Professor Emeritus 
and Lecturer in Aeronautical Engineer 
ing at Massachusetts Institute of Tech 
nology. The famed authority spent the 
past summer in Europe visiting aircraft 
companies and aeronautical research 
and military establishments. While in 
Turkey, he presented a paper before the 
Eighth International Congress for The 
oretical and Applied Mechanics. 

Dr. Hunsaker’s subject for the meet 
ing was ‘European Aeronautical Ideas,” 
and he presented some enlightening 
aeronautical thoughts of Turkey, France, 
Switzerland, Holland, Germany, and 
Britain. A most interesting discussion 
period followed Dr. Hunsaker’s talk. 


Buffalo Section 
George B. Melrose, Jr., Secretary 


An attentive audience of about 200 
persons listened to Dr. Walter R. Dorn- 
berger, Missile Design Consultant to the 
Vice-President—-Engineering, Bell Air- 
craft Corporation, deliver a lecture on 


ENGINEERING 


being manufactured and sold by Hardman 
Tool & Manufacturing Company, of Los 
Angeles 


e Westinghouse Electric Corporation .. . 
Plans for a new multimillion-dollar plant 
to produce atomic equipment 
announced. This new facility, to be lo 
cated in Harmar Township near Pitts 
burgh, will be operated by a newly formed 
department in the Atomic Power Division 
known as the Atomic Equipment De 
partment. At this plant, the company will 
“engineer, manufacturt 


have been 


, and sell products 
that have been developed for atomic power 
plants.’’ It is hoped that the new plant 
will be ready for occupancy by late fall of 
1953. 


Sections 


“Rockets, Satellites, and Space Ships’’ 
before the Buffalo Section on January 
14. Chairman 
at the meeting. 


Al Krivetsky presided 


The address covered 
the aspects of rocket 


a great many of 
propulsion, upper 
atmosphere physics 
sign. Dr. 


and rocket ship de 
Dornberger noted that the 
most desizable means of attaining space 
flight to a planet was through use of a 
Space Ship System He pointed out 
that design of a 5- or 6-stage space ship, 
to attain the escape velocity of 7 miles 
per sec., would lead to a ship of over 
whelming size and weight. He stated 
that an attempt at a direct earth-planet 
flight will never bring about the con 
quest of space. 

Dr. Dornberger then described the 
concept of a Space-Ship System for 
flight to a heavenly body. The four 
components of such a system are as fol 
lows: (1) the three-stage shuttle rocket, 
to transport men material to 
a 1,075-mile-high, 4.5-m.p.s. satellite 
orbit; (2) the llite space station, 
built in the orbit and used as a base for 
space ship operation 


and 


Sate 


3) the space taxis 
for ferrying flights between the satellite 
and shuttle rockets; and, finally (4) the 
real space ships, for accomplishing the 
last step of space travel to a planet 
The speaker discussed the space station 
problems of vulnerability, balance, tem 
perature, breathing-air supply, mete 
orite collision, producing operating 
power, and possible methods of solution. 
He noted that practical needs will deter 
mine the configuration of a space ship 
since streamlining is 
Cabins 
tion chambers, et« 


unnecessary in 
tanks, combus 
might therefore be 
hung like balls on a light-weight alumi 
num-girder Christinas-tree frame. 


outer space. 


Dr. Dornberger briefly described a 
trip to Mars. The optimum flight path 
consists of a 260-day elliptical journey to 
the planet. The overall 
would require about 2! 
suming that a fleet of 


round trip 
years. As 
ten space ships 
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would be necessary, the entire venture 


was estimated to cost approximatel 
10-12 billion dollars—not excessive 
when compared to defense and war 
costs. 

The nation that will be first in spac 
with an artificial satellite will govern the 
world, Dr. Dornberger emphasized 
The time when daring conquerors seek 
to discover new continents for the human 
race will return, backed by the urgent 
wish of the people of the world. 


Chicago Section 


Charles L. Bonnette, Secretary 


On February 5, 53 members and 
guests of the Chicago Section held 
meeting at the Museum of Science and 
Industrv. A fine dinner was served in 
the Museum’s Dining Hall. 

At 8:00 p.m., the meeting was called 
to order by Dr. H. L. Hull, Chairman 
The speaker of the evening, Otto E 
Kirchner, Director of Operational Engi 
neering, American Airlines, 
sented the Sixteenth Wright 
Lecture, ‘““Technical Trends in Air 
Transport.”’ This paper was originall 
presented by William Littlewood, Vice 
President of Engineering, American Air 
lines, in Washington, D.C., on Decem 
ber 17, 1982. 

Mr. Kirchner’s address was _ illus 
trated by a group of slides and interest 
ingly highlighted with data indicating 
trends of American air lines from 1938 
to 1953. He outlined some of the criti 
cal design features that exist in the 
construction of the modern air liner and 
which affect the safety of the passengers 
Progress in the design of turbojet trans 
ports, their advantages and shortcom 
ings, together with a description of the 
jet aircraft in use today, was presented 
in a most interesting manner. An 
actively supported question and answer 
session followed the lecture. 


Inc., pre 
Brothers 


Cleveland-Akron Section 
R. E. Bolz 


Secretary-Treasurer 


rhe February 17 dinner meeting took 
place at the University Club of Akron 
Ohio. There were 130 present at the 
dinner. The social hour before the 
meeting was sponsored by The General 
Tire & Rubber Company, of Akror 
The main program began with a short 
talk by Charles Burke, Assistant to the 
President of General Tire & Rubber 
who discussed the company activities 11 
the aviation field, concentrating on the 
activity at the Aerojet Division on the 
West Coast. 

The main speaker of the evening was 
to have been Rear Adm. P. E. Pihl 
U.S.N., Assistant Chief for Research and 
Development, the Bureau of Aero 
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Modern aircraft design demands not only the ultimate in 
aerodynamics but comparable ingenuity and reliability in 
instrumentation and control components. 


Contributing vitally to the substance of safety and dependability of 
many of today’s most advanced production and developmental aircraft, 
our automatic control components and instruments are the result of 
continuous research, design and engineering tests that eliminate 

all compromise with performance. 

Whether your design problems are concerned with turbojet engine 
control systems or such essential components as pressure switchés, 
electronic amplifiers or hydraulic valves... you can depend upon 
our engineering ability, experience and manufacturing facilities to 
meet your most exacting requirements. At no obligation whatsoever, 
we extend an invitation to consult with our aircraft engineering specialists. 


MANNING, MAXWELL & MOORE, INC. 


AIRCRAFT PRODUCTS DIVISION - STRATFORD, CONN. 


OUR AIRCRAFT PRODUCTS INCLUDE: TURBOJET ENGINE TEMPERATURE CONTROL AMPLIFIERS °* ELECTRONIC AMPLIFIERS 
PRESSURE SWITCHES FOR ROCKETS, JET ENGINE AND AIRFRAME APPLICATIONS * PRESSURE GAUGES 
THERMOCOUPLES * HYDRAULIC VALVES * JET ENGINE AFTERBURNER CONTROL SYSTEMS. 
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Compare... 


The Outstanding 
Features of 


CAMLOC FASTENERS 


before you decide 


@ Spring-loaded stud assembly insures 
uniformly low locking torque under vary- 
ing ranges of material thickness. In case 
of excessive tolerances the stud can be 
quickly replaced) (with Camloc Pliers 


shown below) without opening adjacent 
fasteners and without removing the en- 
tire panel. 


@ A grommet protects the outer panel against abrasive action of 
locking and unlocking, and assures uniform bear- 
5 


ing on the panel in case of misalignment. 


@ Long sloping cam surface on the receptacle 
produces uniform locking torque. As the locked 
position is reached the cross pin snaps into a sharp 
detent and prevents possibility of unlocking ac- 
cidentally. An unlocked fastener is readily de- 
tected by visual inspection. 


Last but not least..... 


REDUCED INVENTORY COST. 


Camloce is also producing lension and shear latches for orange peel 
cowlings, radomes and turrets. 


Paramus, N.J. Los Angeles, Calif. 


m LOE FASTENER CORPORATION 


nautics. Admiral Pihl, however, wa 
hospitalized, and Capt. Joseph N 
Murphy, Executive Director of R¢ 
search and Development, BuaAer, abl 
presented the main talk. The title 
the paper was “Navy Aviation in thi 
Supersonic and Atomic Age.”’ Captain 
Murphy discussed major developments 
in Navy aviation during the past fev 
years with emphasis on three topics 
(1) high-speed sea planes, (2) airships 
for Navy use, and (3) the concept of th 
canted-deck aircraft carrier. 

The advantages of high-speed sea 
planes over land-based craft were 
stressed by Captain Murphy. 
pointed out that water inlets offer 
unlimited opportunities for basing air 
craft and that these inlets are indestrux 
tible and have alow cost. Ifa sea plan 
can be designed for high-speed flight and 
for taking off and landing on the ocean 
surface, the advantages in time of war 
would be unlimited. Naval research is 
emphasizing improvement in hydro 
dynamic designs and the use of wate: 
skis and planing-tail hulls. The troubk 
some features of fighter sea planes are 
the beaching and launching operations 
here, the possibility arises for the use of 
water skis in combination with beachin, 
wheels. Captain Murphy indicated th 
future use of water-based aircraft with 
good aeronautical design is a real possi- 
bility. 

The next part of the talk concerned 
the use of airships in the Navy. The 
speaker touched upon the subject oi 
submarine-launched guided missiles with 
atomic war heads and emphasized 
necessity of low-speed submarin 
searchers capable of carrying a ver 
large quantity of* submarine detection 
equipment, as well as armament 
Here, the airship seems to have a vital 
place, and significant new airship ce 
signs are in progress. 

The third topic of the talk concerned 
the advantages of the canted-deck ai 
craft carrier. This idea of aircraft 
landing diagonally across the deck of an 
aircraft carrier was introduced by th« 
British in 1951 and offers a solution to 
many of the problems of carrier land 
ings. The canted deck allows the air 
plane to land on the deck of a carriet 
without the necessity of a barricade be 
tween it and the parked aircraft at the 
end of the landing strip and with 70 pet 
cent of full power. Under this arrange 
ment, if the pilot misses the arrestin: 
wires or bounces on the canted deck, hi 
merely gives the engine full power and 
comes around for another try at thi 
landing. At the present time, with th 
conventional carrier, such a maneuver 
would cause the airplane to crash against 
the barricade or into the group of park« 
aircraft. 

The tests on the Midway resulted in 
enthusiastic success for the canted deck 
This new method turned out to have a 
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diversified experience 
in electronics 


Contracts with U. S. and foreign governments 
for electronic work are nothing new at Air 
Associates! For many years, our Electronic 
Division has been developing and manufac- 
turing LF, VHF and UHF communication and 
navigation systems, landing systems, firing error 
indicator systems, echo ranging systems (includ- 
ing sonar) and special miniaturized electronic 
devices. Our wide experience and expanded 
facilities for airborne, marine and ground elec- 
tronics equipment are available to help solve 
your design and production problems. Your in- 
quiry to Teterboro will receive prompt attention. 
Air Associates, Incorporated, Teterboro, New Jersey. 


AIR, Manufacturers and Distributors of Aviation Supplies and Equipment 


SSOCIATES, INC. 
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RESEARCH ENGINEERING 
DEVELOPMENT ¢ DESIGN © PRODUCTION 
OPERATION ¢@ TESTING @ TRAINING 
MAINTENANCE @ FIELD SERVICE 


—— LAN D-ALR, 11. 


GENERAL OFFICES @© 440 WEST SUPERIOR ST., CHICAGO 10, ILL. 
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tremendous psychological effect on the 
pilot who, when not faced with a pos 
sible crash into either the barricade o1 
parked planes, was much more successful 
in his landings. The use of the canted 
deck also allows a smaller number oj 
arresting wires, increases the speed witl 
which aircraft can be cleared from the 
landing strip, and results in a lower 
strength requirement of the landing: 
gear. 

After an active question period follow 
ing the talk, the meeting was adjourned 
at about 10:30 p.m. 


Los Angeles Section 
Harold S. Fischer, Secretary 


Automatic Hovering Control for 
Helicopters” was the subject of 
Specialist Meeting held on February 
at the I.A.S. building in Los Angeles 
rhe speaker was Edward N. None 
man, Project Engineer of the J. B. Re 
Company, Ine. Mr. Noneman de 
scribed the characteristics of a hoverin, 
control that was designed for use wit! 
several existing helicopters and auto 
pilots. A simple “rope-and-weight 
ground-contact system, chosen the 
design to sense distance from the ground 
and drift, met the stringent hoverin 
requirements. Nyquist plots and root 
locus diagrams were shown to demot 
strate the stability of the helicopter 
itself, as well as the overall characteri 
tics of the aircraft, plus its automati 
hovering control system. 

The February 19 dinner meeting wa 
featured by presentations of the ‘Pilot 
ing and Engineering Problems Associ 
ated with the 1952 World's Aircraft 
Speed Record Trials.” Captain J] 
Slade Nash, Air Force Project Pilot at 
the Air Force Flight Test Center 
Edwards A.F.B., Calif., described hi 
experiences in setting a new world 
speed record of 698.505 m.p.h in al 
Air Force F-86D airplane, and Georg« 
Mellinger, Chief of Engineering-Flight 
Test Department, North Americat 
Aviation, Inc., told of the engineerin 
aspects of planning and conducting th 
record flight Mr. Mellinger gave some 
interesting background of the history 
record flights and also described the 
technical aspects, instrumentation, dat 
reduction techniques, and operationa 
problems of the flights. Captain Nasl 
whose abilities as a speaker proved con 


1 


parable to his piloting prowess, gave al 
insight into the piloting techniques an 
problems of this specialized type 
flight. As an added feature, the audi 
ence of about 400 received copies of 
brochure, compiled by the Historic 
\ssociates of the I.A.S. here, depic tin 
the history of the world’s aircraft spee: 
records 

Another Specialist Meeting was hel 
on Febritary 26, at which H. N. Riis 
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g a barn door 
hurricane’... 


FEATHER 


30 Milliamp Signal 
Controls 50 Horsepower 


ol Modern aircraft control surfaces are not the 
size of a barn door but the wind across 
them is several times hurricane velocity. 
i Results are similar . . . it takes plenty of 
power to control them. 

Vickers Electro-Hydraulic Servo Power 
/ Units provide rapid and accurate control 
| of up to 50 horsepower with a 30 milliamp 
signal. This is another Vickers accomplish- 
ment in the control of heavy power by 
means of very minute signal inputs. Write 
for special bulletin No. SE-18. 


IICKER$ Incorporated 


DIVISION OF THE SPERRY CORPORATION 
1414 OAKMAN BLVD. e DETROIT 32, MICH. 


ENGINEERS AND BUILDERS OF OIL 
HYDRAULIC EQUIPMENT SINCE 1921 


FEED BACK 


FEED BACK 


f SIGNAL INPUT STROKE HYDRAULIC 
ica AMPLIFIER conTROL POWER UNIT 


ACTUATOR 
CONTROL SURFACE 


4834 


openin 
| 
In a 

| 


RONAUTICAL 


ENGINEERING REVI 


miniaturization through critically precise components 


RDM 


FOR 


DESIGN 


PRECISION 


OFFER UNLIMITED 


FOR 


AND 


SAVING 


FRICTION 


SACRIFICE 


COMPONENTS 


OPPORTUNITIES 


SPACE 


Of 


WITHOUT 


WEIGHT 


THE 


FUNCTION 


FOR PRODUCTION ENGINEERS, RDM 


ELIMINATES COSTLY 
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BOTTLENECKS 


RDM is dedicated to the research, 
development and/or manufacture of 
custom-made, high precision com- 
ponents for electrical, mechanical and 


electronic devices 


Component reliability is the sole aim 


... the result, a perfect reproduction 
of the design. Made-to-order parts 
meet your most exacting tolerances 


and diverse requirements. 


RESEARCH DEVELOPMENT MANUFACTURE, INC. 


431 €E. 


PINIONS 


COLLOM 


GEARS 


STREET, 


SHAFTS 


PHILADELPHIA 44, PENNSYLVANIA 


PIVOTS 


© BEARINGS © SPECIAL SCREWS 
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Research Engineer of the Jet Propulsion 
Laboratory of California Institute « 
Technology, discussed the ‘Develo, 
ment of Flexible Nozzle Contours fo 
the J.P.L. 20-inch Supersonic Wink 
Tunnel.” The nozzle, now in operatio1 
at J.P.L., has been under development for 
several years and provides a continuou 
range of Mach Number for testing t1 
uniform flow, as well as the option o 
arbitrary pressure distribution 


Montreal Section 
B. J. Kaganov, Secretary 


The February 9 meeting was opened 
by Chairman E. H. Higgins, wh 
immediately called upon A. E. Ade 
Vice-Chairman, to introduce the guest 
speaker 

The Montreal Section was fortunate 
to have as its guest speaker Jerome 
Lederer, Director of Flight Safet 
Foundation, Inc., who spoke on the sub 
ject “Flight Safety.” 

Reviewing statistics on the growth of 
air transportation and the number and 
tvpe of accidents which have occurred 
the speaker pointed out the importance 
of passenger and crew survival after ar 
accident and confined his lecture to that 
aspect of the subject. Mr. Lederer 
referred to actual cases where occupant 
survived the initial crash but were sub 
sequently unable to get out of the air 
plane and were either suffocated ot 
burned to death. He emphasized the 
responsibility of designers in avoidin; 
such tatalities by more careful attention 
to cabin arrangements and the mat 
apparently minor details that great] 
affect the chances of survival. Amon: 
such items that Mr. Lederer considered 
important are emergency exits and doors 
which can be opened by a single motior 
of the hand, passenger seats that do not 
deform in such a way as to injure the 
passengers or block the aisles, and pr 
vention of heavy objects from tearin 
loose and injuring the occupants 

The speaker also pointed out the 
importance of protecting the cabiu 
ittendants who are trained to dire 
evacuation of passengers after a crash 

On the subject of rearward- versu 
forward-facing seats, the speaker said 
that, while he had previously favored 
rearward-facing seats, it now appeared 
to him that both had definite advat 
tages and drawbacks and that mor 
experience was needed before drawin 
definite conclusions. 

At the close of his talk, Mr. Lederet 
showed two interesting films taken dut 
ing practice evacuations after a simu 
lated emergency landing and a ditchin 
at sea. 

A lively question and answer perio 
followed, and at the conclusion Mr 
Lederer was thanked by Carl Larsson, 0 
Canadair Limited. 
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modern oil cooler 


experience in the development of heat-exchanging equipment 


for a variety of purposes has made it possible for Harrison to design 
an aluminum plate-type oil cooler that meets the specific needs of 


modern aircraft, both commercial and military. 


This oil cooler is light and compact—can be fitted into almost any 
available space. It is ruggedly built—can withstand pressures up 
to 400 psi. Lt is efficient—a thermostatically controlled valve auto- 
matically by-passes oil until a pre-determined temperature is 
reached. And it is Harrison quality, through and through. 

Moreover, this modern aircraft oil cooler may be used for a variety 
of jobs—to cool the fluid in hydraulic systems, to cool helicopter 
engine and gearbox oil, to cool turbojet and turboprop compressor 
bearings and turbine bearing lube oil. Aircraft engine and airframe 


manufacturers are urged to write for specific performance data. 


HARRISON RADIATOR DIVISION 


GENERAL MOTORS CORPORATION, LOCKPORT, NEW YORK 


for modern aireratt 
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PRECISION 
HEATER 
EQUIPMENT 


Designed for Dependability ... 


Because of their functional design, the high performance 
characteristics of ADEL Fuel Heater Pumps have been proven 

by efficient flight operation over many millions of air miles. 
Designed to Military Specifications. Compact, lightweight and built 
to one single standard of excellence in quality, you may be certain 
that ADEL equipment will assure you top aircraft performance 

and dependability. 
ADEL equipment is on the world’s best aircraft because in 
Aviation there is no substitute for ADEL quality 


Typical electric motor driven fuel heater pumps designed for 
pumping aircraft heater fuel; also light oils, kerosene and 
other light liquids. Available with Radio Noise Filters. 


= 
#20093 
4 G.P.H. at 40 P.S.1. 
Continuous 28 V.D.C. motor 
Weight 1.45 Ibs 


#18470 


30 G.P.H. at 60 P.S.I. 
Continuous 12 and 27.5 V.D.C. motors 
Weight 3.0 Ibs 


#20386 


Pump housing includes adjustable 
by-pass relief valve. 

25, 30, 45 and 60 G.P.H. at 

20, 30 and 40 P.S.1 

Continuous 27.5 V.D.C. Motors 
Weight 3.3 Ibs 


ADEL also produces a complete line of aircraft HYDRAULIC & 
PNEUMATIC CONTROL EQUIPMENT, ANTI-ICING & FUEL SYSTEM 
EQUIPMENT, ENGINE ACCESSORIES and LINE SUPPORTS 


Write for new, descriptive Brochure containing detailed 
information on ADEL'S line of Aircraft Equipment and 
facilities. Address: ADEI 
METALS CORPORATION, 10779 Van Owen St., 
Burbank, Calif. 


DIVISION, GENERAL 


iN 


—TeADER 
EQUIPMENT 


DIVISION OF GENERAL METALS CORPORATION * BURBANK, CALIF. * HUNTINGTON, W. VA. 


CANADIAN REPRESENTATIVE: RAILWAY & POWER ENGINEERING CORPORATION, LIMITED. 


DOSS 


New York Section 


Charles Tilgner, Jr. 
Secretary-Treasure? 


Acting Chairman F. K. Teichmam: 
opened the March 3 meeting and intr 
duced Harry A. Jackson, of the Battell 
Memorial Institute. Mr. Jackson di 
cussed briefly the properties of maz 
high-temperature metals. Besides m« 
chanical properties, he also touched or 
the subjects of high-temperature fatigu« 
service tests, thermal fatigue, and son 
of the effects of changing chemical 
properties. 

C. R. Mayne, of the International 
Nickel Company, was introduced as 
moderator, and he in turn introduced 
the panel, consisting of Mr. Dyrkacz, of 
Alleghany Ludlum Steel Compan 
Mr. Hanink, of Wright Aeronautical 
Corporation Division, Curtiss-Wright 
Corporation; Mr. Luster, of Rem Cru 
Titanium Company; Mr. Payson, of 
Crucible Steel Company; and Mr 
Goller, of Annco Steel Company 

As a result of several questions from 
the floor, a spirited discussion followed 
For more than 1 hour, questions and 
answers were bandied back and forth 
between the panel and the audienc 
It was unfortunate that due to the ad 
verse weather, there were not mor 
people to enjov this inspiring progran 


San Diego Section 
E. R. Hinz, Secretary 


The big event for the San Diego Se« 
tion during February was the reopening 
of the Institute of the Aeronautical Sci 
ences building to Section activities. For 
the past 2!/5 vears, the building located 
adjacent to San Diego Bay and Lind 
bergh Field has been leased to a local 
aircraft company for urgent defens« 
work. Upon completion of the defens« 
contract, the building was reconditioned 
and returned to the Institute. 

The first dinner meeting to be held in 
the building after its reopening took 
place on February 26. Approximatel 
100 members and guests attended t 
hear Benny Howard, noted aviatior 
consultant, speak on “The Attainment 
of Greater Safety.”” Benny Howard's 
forthright presentation of means to 
improve flying safety was enthusiast 
cally received by the audience.  Pr« 
viously prepared comments on M1 
Howard’s paper by K. E. Ward 
L. Bordelon, and F. D. Applegate 
Convair, were read, and the speaker 
commented on them in turn. 


Twin Cities Section 
Wesley Fisher, Secre tary 


On January 22. a meeting of the Twi 
Cities Section was held in the Engineer 
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Only twin-engine 


transport that makes regular flights 


to Hawaii, the Navy’s 


Unique among twin-engine aircraft is the 
Navy’s Douglas R4D-8. On orders, this 
transport can take off at San Francisco 
and safely wing its way across 2,562 
miles of open Pacific to Hawaii. 

Born of the Douglas DC-3, world’s 
best known airplane, R4D-8 is longer, 


Enlist to fly with the U.S. Navy 


Depend on DOUGLAS 


Douglas R4D-38 


more powerful and flies on new swept 
wings. It carries 2,800 more pounds of 
payload 45 m.p.h. faster than its famous 
parent. Ceiling and range are greater. 
Passenger and freight loading are easier, 
quicker. And along with its improved 
performance, the Douglas R4D-8 still 
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combines DC-3 reliability with twin- 
engine economy. 

Development of the R4D-8 is another 
example of Douglas leadership in avia- 
tion. Planes that can be produced in 
quantity to fly faster and farther with a 
bigger payload are a basic Douglas rule. 
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ENGINEERING 


PRESSURE RESEARCH 


VELOCITY MEASUREMENT 


DISPLACEMENT MEASUREMENT 


STRUCTURAL MEASUREMENT 


REVIEW 


STABILIZED 
Flectro Pressuregraph 


Measures and records pressure time studies of 
dynamic or transient pressure phenomena. Drift 
and temperature stabilized. Up to 200’ of pick-up 
cable can be used. Range: .5 to over 5,000 PSI. 
Frequency response: | to 20,000 CPS. 

Applications: Engine cylinder pressure studies, 
Engine analysis for servicing. Carburetor develop- 
ment. Fuel research. Hydraulic valve lifts. Injector 
pressure studies. Oil pump development. Explo- 
sions in power transformers. 


Model 3700C 


Pickup 


Flectro 


New magnetically operated 
indicates rate of motion at 
physical contact. Motion of 
produces a voltage output pr 
rate of motion or speed. 
magnet, can be actuated 
terial on a moving part. 


impulse generator 
all speeds without 
nearby metal object 
oportional to object's 
Requires no external 
any magnetic ma- 


Acceleration and velocity 
voltages for oscillograph; m 
linear position. Indicates RP 
or linear motion. Serves as 


kers for angular or 
operations, angular 
1ometer when used 
with voltmeter. Controls electrical devices. 


Model 3010-A 


dey Dynamic Micrometer 


Measures and records dynamic or static displace- 
ment, vibration or movement of any metal body 
without contact, down to .0001 inch. Measures 
eccentricity, axial vibration, radial whip, bearing 
clearance, radial expansion with acceleration and 
reciprocating movement. 


Applications: Vibration in motors. Valve travel, 
bounce. Eccentricity of commutators, slip rings. 
Travel, bounce of relay contacts. Shaft whip. Whip 
of pulleys, wheels, gears. 


Model 3600-A 


Sonometer 


Measures Young's modulus of elasticity by means 
of sound vibrations to determine resonant fre- 
quency of any solid material for structural char- 
acteristics. 


Pick-up at end of object, converts vibration from 
driver at other end into electrical energy, as oscil- 
lator is tuned to proper frequency, meter shows 
point of resonance. 

Applications: Metal, Carbon 
num, Wood, Castings, Concrete 


Electrodes, Alumi- 


Model 4100 


Write for FREE Detailed Bulletins! 
ELECTRO PRODUCTS LABORATORIES, 4501-AEc N. Rovenswe 


See Your nearest EPL Sales Engineer 
Massachusetts, Boston 
Clayton Nickerson 


Missouri, St. Louis 
Harris-Hanson 


4 Ave., Chicago 40, Ill 


California, Los Angeles 
Harold A. Kittleson 
Canada, Toronto 
Atlas Radio Corp., Ltd 
Florida, Fort Myers 
Arthur Lynch 


New York, Rochester 
Ed. Ossmann 
North Carolina, High Point 
Bivins & Caldwell 
Texas, Dallas 
John A. Green Co. 


New Jersey, Roseland 
Gawler-Knoop Co. 


Washington, Seattle Ron Merritt 
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ing Auditorium of the 
Minnesota. 
at which 


University of 

After a business meeting 
officers for the vear were 
elected, a program was presented by Lt 
Comdr. John C. Mitchell, U.S.N 
Training Officer, Naval Air Station 
Minneapolis, entitled “Operational Avia 
tion Safety.”’ 

The elected for 1955 are 
Chairman, Alfred E. Cronk; Vice 
Chairman, David L. Mellen; Secretary 
Wesley J. Fisher; and Treasurer, Robert 
A. Hoel. 


officers 


Washington Section 
J. H. Sidebottom, Chatrman 


At a regular meeting on February 3, 
four distinguished members of the avia 
tion fraternity spoke on their particular 
interests in the present turbotransport 
development program. Fred B. Lee, 
Deputy Administrator for the Civil 
Aeronautics Administration, served as 
Honorary Chairman and introduced the 
first speaker, Adm. DeWitt C. Ramsey 
U.S.N. (Ret.), President of Aireraft 
Industries Association, 

Admiral Ramsey discussed the his 
tory of the industry’s position on various 
Congressional proposals for advancing 
turbotransport development and pointed 
to the fact that the manufacturers 
advances in military designs over the 
past 10 years would be significantly 
profitable in the ultimate U.S. turbine 
powered transports for civil use. He 
stressed the continuing interest of the 
industry in Public Law 867 and stated 
that some benefits may still be derived 
from this legislation if money is appro 
priated for accelerated testing of new 
designs in the near future. He assured 
the audience that the private manufac 
turers’ attention to turbine-powered 
civil types was not lagging and that 
private funds already devoted to the 
development in several of the manufac 
turers’ plants would undoubtedly pay 
dividends to the air-line operators in the 
near future. In quoting one manufac 
turer, Admiral Ramsey stated that “‘we 
would not wish to bring out a jet trans 
port, the cost of operation of which was 
higher than contemporary piston-type 
transports.”” Admiral Ramsey con 
cluded his presentation with an outline 
of some technical problems, particularly 
those related to the noise dilemma that 
will certainly be a vital factor in deter 
mining the rate of progress in jet air 
craft. 

Brigadier General Milton Arnold, 
U.S.A.F. (Ret.), Vice-President—Opera 
tions and Engineering, Air Transport 
Association, spoke on behalf of the air 
line operators on the economics of jet 
transport operations as contrasted to 
present piston-engine operations. He 
stressed the 


fact that before the air 


lines can incorporate turbine-powered 
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GMD technical bulletin 


Midget 
Motor 


performs many tasks 
Nicknamed Tiny Mite, this standard EEMCO motor, clutch 


and brake assembly, as illustrated, has proven its 
performance in a wide variety of actuator applications... 
cockpit canopies...trim tabs... pilot seats, etc. 
Providing % h.p. at 17500 RPM it weighs only 
18 ounces and can be supplied with a wide 
variety of integral gear reductions. 
Conforms to ANM-—40 and all latest 


military specifications. 


EEMCO 
helps you build 
for the future 


ELECTRICAL ENGINEERING & MANUFACTURING CORP. 


4612 WEST JEFFERSON BOULEVARD @© LOS ANGELES 16, CALIFORNIA 
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aircraft into their fleets, they must be 
assured that such action will not in 
volve a backward step in safety; that 
such aircraft will be capable of carrying 
70 to 80 passengers without penalties on 
range; and that operating costs per ton- 
mile will be equal to, or less than, cur 
rent transports. General Arnold also 
underlined the problems of jet-engine 
reliability and the cost of development 
fora U.S. jet-transport prototype, which 
is now estimated at about $30,000,000. 
He concluded his remarks by stating 
that, on the basis of present estimated 
costs, the air lines cannot operate jet 
transports at the present fare levels. 
The basic problem is to obtain a tur 
bine-powered aircraft that can pay its 


AL ENGINEERING 


own way, and only through experience 
by military and commercial operators 
currently turbine-powered 
equipment will we be able to determine 
the appropriate time for introduction of 
this vehicle into United States domestic 
and international operation. 


operating 


The interest of the Military Air Trans 
port Service in the turbine-transport 
field was discussed by Lt. Gen. Joseph 
Smith, Commander of M.A.T.S., who 
outlined the contributions that the 
Navy and Air Force have made in 
strongly supporting turboprop develop 
ment in the R7V, R3Y, C-130, T-29, 
and C-124, in addition to several con 
tracts for studies of jet-type transports 


Tools « Dies + Metal Stampings « Aircraft Parts 


REVIEW 
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to be built around engines availabk 
within the next 5 to 10 vears. General 
Smith indicated that, from the militar 

viewpoint, turboprop transports would 
be used on long-range cargo operations 
and that such aircraft had a definite 
place in military service. On the other 
hand, he stated that the straight jet 
transport is ideally suited to the mission 
of rapid transportation of high-priority 
passengers, medical patients, and other 
critical cargo. He stated that there was 
no reason why the military and civil 
requirements for jet transports cannot 
be comparable and that there is a critical 
need for maximum interchangeability to 
provide optimum utility in the event of 
emergency. General Smith stated that 
testing of new equipment and systems is 
provided for in the M.A.T.S. charter, 
and, if M.A.T.S. were permitted to do 
the testing, it could relieve the air lines 
and manufacturers of a heavy burder 

In speaking of solving the present prob 
lem of making the jet-transport airplane 
a real thing, General Smith said that 
“an air transportation system is com 

prised of aircraft, airfields, adequat 
weather and communications support 

navigation and air traffic control facili 

ties; foolproof maintenance standards 
and procedures; a sound logistics svs 

tem; rules and regulations; and, above 
all, plenty of horse sense.’’ He stressed 
in the closing sentences of his presenta 
tion that the industry ‘‘must all think in 
terms of a jet transport system.” The 
success of jet transportation, he finished, 
lies in the solution of the problems 
associated with all factors that make up 
the jet air-transportation system. 


Honorary Chairman Lee concluded 
the presentations with a status report of 
what the U.S. Government, particular], 
the C.A.A., has done and is doing in the 
field of civil turbine-jet transport de 
velopment. He outlined the various 
groups within the Government which 
have been concerned with the problem 
of developing new jet transports sincé 
early 1945 and mentioned the fact that 
at present a special turbine-transport 
evaluation group is engaged in review 
ing the present programs to affect uni 
formity in handling of type certification 
to develop basic criteria and policies of 
type certification and operations; 1 
carry on the activities assigned for test 
ing under Public Law 867; and to pro 
vide a central source of information on 
turbine-jet transport development. Mr 
Lee also compared the British develop 
ment with the U.S. program as an 
extremely important key to problems 
that the C.A.A. will face in the coming 
5 to 10 years. He cited the possibility 
that testing under Public Law St7 
might allow us to make substantial prog 
ress in avoiding difficulties of a technical 
nature in the operation of civil trans 
ports that were introduced immediatel\ 
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Leadership in 
fuel metering... 


FOR JET, RAMJET AND 
TURBO-PROP ENGINES 


Since the first jets of World War II, Bendix Products Division at 
South Bend has served the aircraft industry in developing and manu- 
facturing fuel metering systems for jet engines. Today Bendix offers 
unmatched know-how and facilities both in electronic and hydro- 
mechanical principles for these important components of jets, ram- 
jets and turbo-prop engines. 


RESEARCH e A staff devoted exclusively to seeking 
new and better fuel metering techniques — preparing 
today for the requirements of tomorrow. 


ENGINEERING ® An organization that is experienced 
in applying both electronic and hydro-mechanical prin- 
ciples. Successful creators of lightweight, serviceable 
equipment to meet the demands of each new advance in 
engine design. 


MANUFACTURING © Two modern and geographically 
separate manufacturing divisions. Each capable of build- 
ing to the most exacting test standards — high quality 
at reasonable cost. 


SERVICE A world-wide service organization that 
follows through to see that engine operators obtain full 
benefit from the quality built into the equipment. 


EXPERIENCE ¢ A background of more than thirty 
years of leadership in designing and building fuel meter- 
ing systems for both reciprocating and jet engines. 


For Your Fuel Metering Requirements Depend Upon Bendix: 


* Hydro-mechanical fuel controls * After burner controis « Fuel supply pumps « Spray nozzles 
* Electronic fuel controls ¢ Turbo-prop controls e Flow dividers * Ramjet controls 


BENDIX SOUTH BEND 


Om 


“Bendix ELECTRONIC AND HYDRO-MECHANICAL CONTRO! 


Products 


Export Sales: Bendix International Division 
72 Fifth Avenue, New York 11, N. Y. 


Division 


ELECTRONIC CONTROL 
Senses engine speeds, 
gas temperatures and 
other control factors— 
then signals fuel re- 
quirements to the fuel 
metering unit. 


FUEL METERING UNIT 
Electrically controlled, 
this unit meters fuel to 
the engine in accord 
with signals from the 
electronic control. 


ELECTRONIC AMPLIFIER 
Maintains a scheduled 
exhaust turbine tem- 
perature by controlling 
the nozzle area. 


hydro- 
mechanical 


MAIN FUEL CONTROL 
The control illustrated 
includes a governor 
which holds the engine 
at a selected speed 
regardless of altitude. 


AFTERBURNER FUEL 
CONTROL Graduates 
the afterburner thrust 
by selecting fuel flow 
in various proportions 
to mass air flow 
through the engine. 


NOZZLE CONTROL A 
hydro-mechanical 
servo control unit which 
actuates the variable 
exhaust nozzle mech- 
anism of jet engine. 


OPPORTUNITIES FOR ENGINEERS in Electronics, Mechanics 
and Hydraulics —This division of Bendix is among the world 
leaders in developing and manufacturing a wide variety 
of products currently in use by commercial as well as mili- 
tary aviation. Investigate your opportunities with Bendix. 
Write to Administrative Engineering, Bendix Products 
Division, Bendix Aviation Corporation, South Bend, Ind. 
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after World War IT. 
nical problems that must be faced, Mr. 
Mach 


explosive decompression, navigation and 


Among the tech 


Lee cited Number limitations, 
communication problems, aircraft de 
celeration, and the inherently greater 
noise level. 

The meeting was concluded with a 
spirited discussion of certain questions 
involving some of the technical problems 
to be overcome and a brief résumé by 
several Washington Section members of 
advances being made by industry and 
Government groups in the jet field. 


SPECIAL APPLICATION 
FRACTIONAL HORSEPOWER 


MOTORS 


Successful operation in many 
thousand motor-driven products and 
devices—over a period of 36 years—has 


AERONAUTICAL 


We were fortunate to have as our 
guests for the evening four members of 
the British Air Registration Board, 
which is headed by R. E. Hardingham. 
Mr. Hardingham concluded the program 
with a brief review of British experi 
ences in solving some of the problems 
that the speakers had 
their talks. 
that the noise problem accompanying 
the introduction of the Comet opera 
tions at London Airport had practically 
vanished once the population came to 


mentioned in 
He stated, for example, 


accept the noise as merely a different, 
but not 
airport distraction 


necessaril\ lisagreeable, 


more 


Motor having substantial power 
output for computing machines 
and other types of motor-driven 
office equipment, 


proved the thorough reliability of Lamb 


Electric Motors. 


The good service for which Lamb Electric 
Motors are known, results largely from 
the fact that they are designed to provide 
the exact electrical and mechanical re- 
quirements for each product they drive. 


This special engineering assures top 


product performance and usually results 


in savings in space, weight and cost 
The Lamb Electric Company, 


factor. 
Kent, Ohio. 


Planetary inbuilt speed reducer 
permits a straight-line drive, 


symmetrical construction; 
insures good performance. 


THEY’RE GOING INTO AMERICA’S Finest PRODUCTS 


mb Electric 


SPECIAL APPLICATION 
FRACTIONAL HORSEPOWER 


MOTORS 
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Student Branches 


Academy of Aeronautics, Inc. 
Kenneth O'Connor, Secretary 


A Branch meeting was held on March 
1 for the purpose of appointing com 
mittees and 


arranging field trips 
Erich Bold, Bob  Kassl, and Fred 
Bodnarchuk were appointed to the 


Membership Committee; Richard Wess 
ner, Felix Curasi, and Joseph Ciecone 
were appointed to the Meetings and 
Papers Committee. The purpose oj 
this committee is to select the best le« 
ture presented by a fifth termer this 
semester. 

Two motion pictures were shown, 77/ 
ABC of Gand Speed Nut Savings Facto: 
The latter film showed the variety ot! 
uses to which the Speed Nut could h¢ 
applied. The ABC of G illustrated the 
gravitational that act on the 
pilot and plane while at high speeds o1 
performing sharp maneuvers 


forces 


Agricultural and Mechanical 
College of Texas 


Ray M. Custer, Secretary 


Chairman Arthur Goldberg opened 
the February 10 meeting with a discus 
sion of current business. The resigna 
tion of Theodore Nark as Secretary was 
accepted, and Ray M. Custer was elected 
to this office to serve in his stead. 

The final details of the I.A.S. Texas 
Section’s First Annual Student Paper 
Competition were made available to the 
Student Members. Chairman Goldberg 
urged that everyone seriously consider 
entering a paper in a preliminary con 
Faculty members of the Aero 
nautical Engineering Department have 
expressed the desire to cooperate with 
those 


test. 


interested in choosing suitabl 


topics for such papers. 


The Catholic University of America 
William G. Elsen, Secretary 


The featured speaker at the March 
meeting was W. R. Witt, of the Naval 
Ordnance Laboratory. 

The title of Mr. Witt’s talk was 
“Reynolds Number Transition Studies 
in Free Flight,’ andthe change of bound 
ary layer from laminar to turbulent in 
cone-cylinder supersonic projectiles was 
explained. By means of a firing range 
and shadow pictures of the projectiles 
taken during flight, the point of bound 
ary-layver transition was determined. 

The purpose of this study, Mr. Witt 
explained, is to determine whether th« 
point of transition for various projec 
tle shapes and finishes fired under vary 
ing Reynolds Number can be computed 
in advance. 


Pictures of some of the 
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LIQUIDOMETER Gravimetric and 


Volumetric Liguid Measuring Systems 


TOTAL FUEL 
QUANTITY 


For more than three decades The Liquidometer Corpora- 
tion has concentrated almost exclusively on the research, 
design and manufacture of liquid quantity measurement 
systems and the attendant installation and service prob- 
lems. This specialization has proved to be of great value 
to the aircraft industry which has used Liquidometer 


products exclusively since 1929. 


In the capacitance method of fuel quantity measure- 
ment Liquidometer started extensive research back in 
1940. It was the first to recognize such needs as com- 
pensation for fuel dielectric and density differences, 
correction for variations in fuel levels caused by varying 
attitudes of aircraft, and tank unit characterization to 


provide uniformly spaced indicator graduations. 


THE LIQUIDOMETER CORPORATION 


Ca 


pacitor Type 


Liquidometer capacitor type fuel quantity 
measuring systems feature the simplest and 
most fundamentally straight-forward circuits. 

These systems can provide individual indi- 
cation or totalizing of fuel volume or weight, 
low level warning, fuel transfer switching, 
airplane center of gravity control and other 
auxiliary functions. 

One type measures the weight of fuel based 
on an assumed relationship between its density 
and its dielectric constant. Another type is in- 
dependent of fuel dielectric constant and is the 
only system which really gives “true” fuel 
weight indication. This type automatically com- 
bines the volume as measured by tank units 
and a dielectric reference condenser, with 
density as measured by a Liquidensitometer. 
An uncompensated type is also available. 

If desired, Liquidometer fuel weight measur- 
ing systems can be arranged to provide volu- 
metric “full’ tank indication, regardless of the 
type fuel or its temperature. This feature is of 
material benefit during ground or airborne 
refueling operations. 

Indicators, power units and tank units are 
rugged, compact and are of lightweight con- 
struction. They combine the features of sound 
progressive engineering, expert workmanship 
and best quality materials. 


—~ Long Island City 1, New York 
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Z Com pulers ? | Be 
No-jusT Ohe 


OA! 


Integro-Difterential Analyzer 


ENGINEERING 


REV 


66656556 


6666640" 


Leading design and research engineers have 
found that one IDA computer does the work of 
2 ordinary computers — because of such ahead- 
of-the-field features as those outlined below: 


interchangeable Set-up Boards: permit problem change-over 
in minutes; thus IDA is always at work, there's no lost set-up time! 


20 Uncommitted Amplifiers: perform any computing function 
scale factor may be used for any number of inputs to any 


and any required 
amplifier 


Hold Control: usually found only in most expensive computers, permits introduc- 
tion of gross non-linearities 


8 Initial Conditions: once fixed, are automatically restored after each solution 


New Extra-Convenient Compactness: with the IDA you can 
desk while you compute! 


actually sit at your 


Read for yourself the complete story on the truly advanced IDA computer. See how its twofold greater 


efficiency boosts your own. Just write for Catalog AE. Includes theory, set-up, typical examples. 


Distributed Nationally by Burlingame Associates, 103 Lafayette Street, New York 13, N. Y. 


IDA is manufactured by COMPUTER CORPORATION of AMERICA 


New concept in photography 


Motorized For Sequence and Remote Control Photos 


Set the Robot-Star just once, and 
you're all set for as many as 24 
(or 48) exposures, made singly or 
in rapid-fire sequence, as fast as 
8 per second! Robot-Star automat- 
ically moves film and resets shut- 
ter after each exposure. Sur- 


Now 
passes human efficiency because equipped 
of its built-in clock-work motor. to take 
Remote control release and other 35mm 
accessories bring new camera standard 
applications never before thought cartridges. 


possible in science and industry 
as well as for personal use. 
Takes any standard film—color, 
too. Gets 50% more pictures, 
with 55 exposures instead of 36 
per loading. Choice of Schneider 
lenses, wide angle to telephoto. 
For new camera thrills — get 
Robot-Star—from $217.50. 


Gets the 
action every 
time because 


Write for authoritative treatise A q 
**New Techniques in Photography for Industry 
and Science’’—Sent without charge. 


INTERCONTINENTAL MARKETING CORP. 
251 Fourth Avenue e New York 10, N. Y. 
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projectiles in flight and some graphic 

results were shown to the members. 
Chairman Earl Erickson presided at 

the meeting of 10 members and several 


guests, 


Parks College of Aeronautical 
Technology 


Lawrence J. Long, Secretary 


rhe 


opened by 


February 12 wa 

Vice-Chairman Paul 1 

Sumida with 60 persons present. Plans 
were made to hold a preliminary contest 
so that two student papers could be 
selected for entry in the Texas Section’s 
First Annual Student Paper Competi 
tion. 


meeting ol 


It was announced that Louis A. Perrin 
and Paul T. Sumida will receive the 
Student Scholastic Awards for 1952. 

After the regular business was fin- 
ished, Vice-Chairman Sumida intro 
duced Karl Faymon, Assistant Professor 
in the Aeronautical Engineering Depart 
ment, who gave an excellent lecture and 
demonstration on ‘‘Water Tables.”’ 
from McDonnell 
Corporation were then shown, 


Movies Aircraft 


The Pennsylvania State College 
Frank A. Leader, Secretary 


A regularly scheduled meeting was 
held on February 5 on the Penn State 
campus with 35 members attending. 

Chairman Max Schuster presented a 
letter inviting participants to the first 
North-Eastern Conference of the Stu 
dent Branches of the I.A.S. to be held at 
Rensselaer Polytechnic Institute, Troy 
N.Y., on April 10 and 11, 1953. 

Walter Hatcher, from Piasecki Heli 
copter Corporation, was then intro 
duced. He started by showing an 
untitled film put out by his firm on the 
different models and their flight charac 
teristics. After the film was shown, he 
gave a brief talk on ‘Commercial and 


Military Aspects of Transport Heli 
copters,”” in which he discussed the 
many uses being made of helicopters 


such 
surveving, 


today as rescue, mail carrying, 
etc. In pointing out the 
advantages of the helicopter, he showed 
the tremendous possibilities for its fur 
ther utilization in the near future 

Ernest C 
aeronautical engineer to graduate in 
January. He has secured employment 
in the Flight Test Department of the 
McDonnell Aircraft Company. 


Laudeman was the only 


> The second joint meeting of The 
Pennsylvania State College Student 
Branch of the L.A.S. with A.S.M.E. and 
S.A.E. for this vear was held at The 
Pennsylvania State College on February 
17, with John Hahn, President of 5.A.E 

presiding. 
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Watch Out for “Cost per Ton-Mile”... 
IT’S LOADED! 


“Cost per ton-mile’”’ is what military planners watch in 
everything that concerns air transport to our Armed 
Forces. And rightly! But let’s be careful what we mean 
by “‘ton-mile cost.’ It’s got to be loaded cost. 


Men can march on and off any plane. The big problem 
is equipment ... tanks, trucks, bulldozers, massive 
pieces. Operating cost for such shipments must include 
loading and unloading... with all the attendant fac- 
tors. If equipment has to be knocked down and crated, 
then uncrated and reassembled at destination . . . that’s 
cost. Man-hours for handling, expensive machinery for 
carting, hoisting, stowing . . . that’s 
cost. And longer turnaround time 
for these cumbersome operations is 
also cost ... idle aircraft eating 
up dollars. 

Reckoned completely, with all these 
factors, ton-mile cost for the Fair- 
child Packet C-119 is the lowest 


ever achieved in air history! Tanks and trucks roll up 
its ramp as easily as men march in. Bulk cargo goes 


-“ag is.” Turnaround time is the fastest ever. And in 


addition, this rugged ‘‘Flying Boxcar’ is the most 
versatile in air transport. No other aircraft has remotely 
approached its successful score for air drops of men and 
materiel ... 10 tons dropped from a single C-119! 


No other aircraft can match its record for ‘‘dirty jobs” 
done triumphantly . .. short-haul and long-haul, from 
the Berlin airlift to Korean mountains. 


To military men all over the world, the TWIN BOOM 
of the Fairchild Packet means “‘big 
stuff’’ ready to land... tons of 
bulky supplies or squads of troops 
ready to pour down the ramp and 
go into action at the lowest total 
cost in money and time. That’s 
lowest total cost ... ton-mile cost 
loaded, and unloaded. 


ANY TYPE OF MILITARY LOAD from bulldozers to 
anti-aircraft batteries—men and supplies—fully 
assembled and equipped—ready for action—means , 
lower “‘cost per ton-mile.” 


TURN-AROUND TIME is reduced to the absolute 
minimum—with rapid unloading features—and 
no special handling equipment needed— means 
lower ‘“‘cost per ton-mile.”’ 


EASE OF LOADING any type of bulk. military 
materials—fully assembled in minimum time— 
means greater military successes and lower w 


“cost per ton-mile.”’ 
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res! 
atmospheres’ 
| For ACCURACY 


TEST WitH Denney 


... for Tenney Test Chambers are precision-engineered for maxi- 
mum efficiency and can be designed to simulate the complete range 
of temperature, atmospheric or pressure conditions found anywhere 
on earth—or above it to altitudes of 120,000 ft. plus! They attain 
sub-zero temperatures quickly, maintain them efficiently and provide 
full instrumentation for accurate evaluation 
of complete test data. 


TENNEYZPHERE ALTITUDE CHAMBERS 


Designed to withstand atmospheric pressure 
and to simulate global conditions of pres- 
sures, temperatures and humidities. Altitudes 
from sea level to approx. 80,000 ft. Tempera- 
ture range from plus 200°F to minus 100°F. 
Also simulates desired (20% to 95%) rela- 
tive humidity. 


TENNEY SERVO UNIT 


Portable air conditioning unit which may 
easily be attached to various types of labora- 
tory enclosures—impact machines; tension 
machines; torsion testers; cold boxes and 
similar equipment. Through its use, articles 
undergoing testing, aging or weathering can 
be subjected to wide variations of humidity, 
heat and cold. Photo shows servo attached to 
companion chamber, 


TENNEY TEMPERATURE 
AND HUMIDITY CHAMBER 


Designed for positive control of temperature, 
humidity and air circulation. Permits the accu- 
rate checking of physical quality, fragility, ten- 
sion and other factors. Also built to incorporate 
extreme low temperatures, to —100°F, 


TENNEY SUB-ARCTIC 
INDUSTRIAL CABINETS 


Designed for low-temperature testing of metals, 
radios, instruments, plastics, liquids, chemicals 
and pharmaceuticals. Temperature ranges of 
—40°F, —60°F, —95°F and —150°F are standard 
for each size. 


For further information on these and other 
Tenney test equipment, write to Tenny 
Engineering, inc., Dept. U, 26 Avenue B, 
Newark 5, New Jersey. 


Engineers and Manufacturers of Automatic 
Environmental Test. Equipment 
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J. E. Barfoot, from Boeing Airplane 
Company, was the speaker of the eve 
ning and presented a talk on ‘“‘Desig1 
Aspects of Modern Air Transports 
Mr. Barfoot showed a group of slides 
which gave graphic comparisons of the 
reciprocating, turboprop, turbojet, ram 
jet, and rocket engines in their different 
operational functions such as speed, fuel 
economy, cost per ton-mile, ete. On 
the basis of what is known today and the 
possibilities yet to be developed, he was 
of the opinion that the turboprop-type 
engine will be used on air transports of 
the future. He showed a few proposed 
designs of such aircraft. 


Polytechnic Institute of Brooklyn 
Arthur Barazotti, Secretary 


Chairman Fritz Blomback opened the 
February 17 meeting, attended by 42 
members, by the showing of The Viking 
a film released by the Naval Research 
Laboratory in Washington, D.C. This 
film gives the story of the Martin Viking 
rocket, which has a Reaction Motors 
power plant, from the time of its as 
sembly at the factory through its firing 
sequence at White Sands, N.M. 

On February 24, Chairman Blomback 
met with 47 members to make the final 
plans for the field trip on the following 
day to Republic Aviation Corporation 


Purdue University 
LaVerne G. Eklund, Chairman 


Qn February 17, 90 persons were 
present to hear Morgan M. Blair, Chiel 
Aerodynamicist, Columbus 
North American Aviation, Inc., present 
a lecture on “The Physical Concept of 
Some Aerodynamic Parameters.”’ 


Division, 


Immediately before Mr. Blair was 
introduced, two films entitled The AJ-/ 
Attack Bomber and This Is Airpowei 
were shown. 

Chairman LaVerne G. Eklund pre 
sided. 
p> At a joint A.S.M.E.-I.A.S. Student 
Branch meeting held on February 24 
G. E. Chapman, Supervisor of Turbojet 
Performance and Aerodynamics Design 
Group for General Motors Corporation's 
Aeroproducts-Allison Division, gave an 
illustrated talk on “Some Engineering 
Aspects of Turbojet Engine Design.’ 

Tom Tyler, Chairman of the A.S.M.E 
Student Branch at Purdue, led the 
meeting; 60 persons were present. 


Syracuse University 
Charles E. Rogers, Secretary 


The last meeting of the fall semester 
was opened by Chairman Bob Mack on 
January 14 with ten members present 
The minutes of the previous meeting 
were read and approved, 
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takes the guesswork out of 


FLEXIBLE METAL AIRCRAFT COMPONENTS 


Rex-Flex corrugated stainless steel sec- 
_ tion undergoing vibration test at res- 
onant frequency with acceleration of 
= 20 G. 


15 hour fatigue test at 60 cycles per 
minute on a Rex-Flex corrugated stain- 
less steel assembly. Offset motion of 
+ .100” is imposed on the assembly 
with 20 psi internal pressure at 580° F. 


The dependable performance of every Flexonics 
Flexible Metal Aircraft Component whether it 
be bellows, hose, ducting or a connector is backed 
by a modern fully equipped laboratory. This lab, 
staffed by experienced testing and development 
engineers, Can prove or disprove the ability of an 
assembly to withstand flight conditions before the 
assembly goes into an engine or aircraft. 


Coupled with extensive design and manufac- 
turing experience, it’s another reason why you 
can save time, money and headaches by coming 
to Flexonics first for any bellows, flexible metal 
hose, ducting or flexible connector for use in 
aircraft. 

Write us for the name of your Flexonics sales 
engineer. 


AIRCRAFT DIVISION 


exonic ation. 1309 §. THIRD AVENUE MAYWOOD, ILLINOIS 


FORMERLY CHICAGO METAL HOSE CORPORATION 


In Canada: Flexonics Corporation of Canada, itd., Brampton, Ontario 


Expansion joints . vA\ Metallic bellows 


ond 
Aircraft components WY) 


Flexon identifies 
Products of Flexonics 
Corporation that 
have served industry 
for over 50 years. 


Flexible metal hose 


bellows assemblies 
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where circuits must 
not fail... 


There is no substitute for proven 
dependability. Twenty years of 
continuously maintained quality has made 
AMPHENOL the recognized leader in 
connectors and cables for aviation 
circuits. Developed in close cooperation 
with government and aviation industry 
engineers, these components have been 
proven under the most stringent 
conditions of war and peace. Whether 
your requirements are under Military 
Specifications or for civilian application, 
specifying AMPHENOL cables and 
connectors is your positive assurance 
that the electronic components in 

your equipment will not fail! 


depend on 


COMPONENTS 


Write today for your.copy of General Catalog 
B-2. AMPHENOL Engineers are available for 
consultation on circuit problems not covered by 
products in this or other AMPHENOL catalogs. 


AMERICAN PHENOLIC CORPORATION 


chicago 50, illinois 


It was agreed that the acknowledg 
ments of the Ostrander Memorial 
Plaque contributions should be made 
immediately. This work is to be headed 
by David Birdseye and Charles Rogers. 

Elections for the spring semester took 
place with the following results: Chair 
man, Fred Boenig; Vice-Chairman, 
David Birdseye; Secretary, Charles 
Rogers; and Treasurer, Fritz Hemmer. 
Ernest Hobbs voluntered his services to 
the Recruiting Committee. 

Prospective members are to be invited 
to the second meeting of the new semes 
ter. 

Refreshments were served after the 
business meeting. 


University of Colorado 
Franz Nawrocki, Secretary 


Chairman Cloman D. Bogart called 
the February 4 meeting to order with 28 
members present. He then read _ the 
announcement and rules of the First 
Annual Student Paper Competition 
conducted by the Texas Section on May 
6-9. 

At the conclusion of the business part 
of the meeting, a silent film on target 
drones was presented. This was fol 
lowed by a talk by Prof. Karl D. Wood 
Head of Colorado’s Aeronautical De 
partment, who gave a review of the 
recent I.A.S. Annual Meeting in New 
York. 


University of Michigan 
Hsueh-Ping Wu, Secretary 


The first meeting of the spring semes 
ter of the 1952-1953 academic year was 
held on February 18 at the Michigan 
Union with about 35 persons present. 

Che following persons were elected to 
office for this semester: Chairman, 
Kirke Comestock; Vice-Chairman, Ar 
thur Sotak; Secretary, Hsueh-Ping Wu; 
and Treasurer, Gordon Fox. The fac 
ulty adviser is Professor Wilbur Nelson 

Plans for the University of Michi 
gan’s one-hundredth year engineering 
anniversary open house were discussed 
The Student Branch will set up some 
display to represent the Aeronautical 
Engineering Department. 

The motion picture, Flight Log, was 
shown to the audience. This film de 
picts the historical development of 
present-day aviation fuel. 


University of Toronto 
S. R. Swanson, Secretary 


On January 14, 14 students were 
present to hear Kenneth Gauthier 
Personnel Director of Bell Aircraft Cor 
poration, speak on ‘“‘The Importance of 
Personnel Relations.”’ Chairman Ron 
M. McKee presided at the meeting 
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A McDonnell Banshee 
comes home 


-CANOPY ACTUATOR 
+ ON THE McDONNELL F2H-3 
DESIGNED AND MANUFACTURED 


\_FCDTE*BROS 


Geller Lower Though Geller Gean 


FOOTE BROS. GEAR AND MACHINE CORPORATION, 4545 SOUTH WESTERN BOULEVARD, CHICAGO 9, ILLINOIS 
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FUEL AIR RATIO 
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World War II stabilized the need for a dependable and efficient aircraft heater. 
In their efforts to supply this need, Janitrol engineers immediately 
encountered a number of variable conditions all directly affecting heater 
performance. Such things as plane speed, air pressure and temperature, 
size of aircraft, ductwork arrangement, exhaust restrictions, flight attitude, 
intake air scoop location, boundary layer conditions, had to be considered. 
Janitrol engineers decided that clean combustion should be the heart of 
the heater and they set to work on methods to maintain a relatively constant 


fuel-air ratio over a wide range of design requirements and service conditions. 


This thinking led to the development of the air-loaded fuel pressure regulator, 
which varied fuel supply in relation to combustion air pressure. This 
approach solved the immediate problem, and in addition greatly simplified 
aircraft heater design and application. Today, this principle gives the aircraft 
designer maximum freedom in location of scoops and ducts while assuring 
proper combustion, efficient use of fuel, and ease of maintenance. 


| | 
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Latest thinking on air intake is incorporated in the inflatable 
air valves in the new Janitrol S-600 heater packages for the 
C-119H. Air intakes are both closed when the heater is off. 
Blower air intake opens automatically when blower is on. In 
flight, blower air is closed, and ram air open. This advanced 
development illustrates how Janitrol’s experience in com- 
bustion engineering can go to work for you, most effectively 


in the design stage of your project. 


36 YEARS EXPERIENCE IN COMBUSTION ENGINEERING 


Toledo 1, Ohio, Headquarters 

National Sales, Engineering, Production Headquarters, 
400 Dublin Avenue, Columbus 16, Ohio 

District Engineering Offices: 
New York, 225 Broadway 
Washington, D. C., 4650 East-West Highway 
Kansas City, 2201 Grand Avenue 
Ft. Worth, 2509 West Berry Street 
Hollywood, California, 7046 Hollywood Boulevard 
Columbus, Ohio, 400 Dublin Avenue 


RLD 
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OCS, 
AIRCRAFT-AUTOMOTIVE DIVISION, SURFACE COMBUSTION CORPORATION © TOLEDO 1, OHIO AP 


© 


= 


ENGIN! 


SUB-MINIATURE INDICATOR ASSEMBLIES 


A great aid to your miniaturization program 


» 


lw base lamp types 


or semi-blackout 


[ es 
NON-DIMMING dimmer typ 
No. 8-1930-621 


REPLACE 
WITH THIS 


PLASTIC PLATE (EDGE) LIGHT ASSEMBLIES 


AIR FORCE and BUREAU of AERONAUTICS 
MIL-L-7806 DRAWING MS-25010 


DIALCO No. TT-51 (Red filter-black top) 
... or, No. TT-51A, complete with No. 327 Lamp 


ALSO MADE 


MOUNT IN 15/32” HOLE 
ALL LENS COLORS 


Easy lamp replacement 
with any midget flanged 


Complete blackout 


THESE ASSEMBLIES LOGICALLY REPLACE 
LAMPS NO. 319, 320, and 321 


with other filter colors 
and with light-emitting 
top (for indication) 


ALL OF THE ASSEMBLIES ILLUSTRATED 
ACCOMMODATE LAMPS NOS. 327, 328, 330, and 331. 
ANY ASSEMBLY AVAILABLE COMPLETE WITH LAMP 
SAMPLES ON REQUEST —NO CHARGE 


60 STEWART AVENUE, BROOKLYN 37, N. Y. 


Foremost Manufacturer of Pilot Lights 


DIALIGHT CORPORATION 


HYACINTH 7-7600 
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The University of Tuisa 
Robert Wolfe 


Secretary Tre 


The University of Tulsa Student 
Branch enjoyed a field trip through the 
lulsa Division of Douglas Aircraft Com 
panv,Inc. At this plant, B-47 jet 
ers are being produced and modified 

Joe Johnson, Head of Engineeriny 
Personnel, and Owen Anderson, a 195 
Tulsa graduate, escorted the membet1 
through the plant. The trip began at 
the loading-in dock and continue 
through to the flight line. Nearly eve 
phase of work was examined during th 
53-hour period, 

A special point of pride at the Tuls 
Division is a 70,000-ton Hydropres 
costing $261,000. The plant emplo 
over 200 engineers and expects to reacl 
full production capacity in approx 
mately 2 years. 

Many schools have alread) take 
advantage of this opportunity to get 
close-up of the B-47; it is recom 
mended for other colleges in this area 
p> The February 19 meeting was called 
to order by Chairman E. H. Robert 
Minutes of the past meeting were read 
and approved. 

After the completion of the busines 
portion of the meeting, two Dougla 
Aircraft films were shown. These wer 
Look to the Skies and The Story of t) 
Helicopter. The meeting was adjourned 
at 9:15 p.m 


University of Wichita 
Wilbur Middleton, Secretar: 


[wo films were shown at the Febru 
arv 13 meeting at which Chairman Dot 
Hutford presided and nine persons wert 
present. The pictures shown were Con 
solidated Vultee Aircraft Corporation’s 
The Skate and the U.S.A.F.’s The B-4 
ory. 


Members Elected 


Phe following applicants for membership 
or applicants for change of previous grad 


have been admitted since the publicatior 
of the list in the last issue of the Revi 


Elected to Associate Fellow Grade 


Eber, Gerhard R., Ph.D. (Dr. Ing 
Chief, Acrophysies Div., Aeroballistic R 
search Dept., Naval Ord. Lab. (White 
Oak 

King, John W., M.Sc., Capt., U.S.N 
Chief of Staff, Naval Air Material Cente 
Philadelphia 

Puvrez, Paul A., Ing. Aero., Technik 
Officer, Airworthimess, ICAO (Montreal 


As 
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| It’s VERSATILITY that sells 
SANBORN in the field of 
Industrial Recording 


As indicated by references 
at the right, you may 


have a choice of five 


3 


different instruments (A) 


DC CONVERTER — for low level DC record- 
ing such as thermocouple output. 


for quick and convenient 


standard rack mounting 
in the system at Ai, 
PLUS a choice of up to four 
of any of the three 


TRIPLEXER— when coupled to a DC ampili- 
fier permits the recording of three events 
in one channel, 


different type amplifiers (B) 
or any combination 
of these amplifiers 


with the 


SANBORN 


FOUR-CHANNEL 


OSCILLOGRAPH 
RECORDING 
SYSTEM 


(MODEL 67) 


THRESHOLD MONITOR provides means 
for the control of voltage levels or rate of 
change. 


CTORS 


CONNEG? 


e 


SERVO MONITOR AMPLIFIER—a phase 


discriminating AC amplifier used in servo 
A s shown in the diagram, removing or interchanging any of the am- design and testing. 


plifiers or other instruments is simply a matter of sliding the unit in 
or out of the mounting rack where contact is made automatically by 
plug-in connectors. Screws at the four corners of the panel hold the 
instrument in place. 


Other features of this system which add to Sanborn VERSATILITY 
are the choice of eight paper speeds — 50, 25, 10, 5, 2.5, 1.0, 0.5 and 0.25 1-, AND 2-CHANNEL 
mm/sec, and the use of either 4-, 2-, or l-channel recording paper. RECORDING 
And, of course there are these popular Sanborn advantages: a high 
torque movement (200,000 dyne cms per cm deflection), direct inkless SYSTEMS 


recording in true rectangular coordinates, and provision for code and 
time markings. 


Sanborn Recording Systems may be used to record any one or more 
of a wide variety of phenomena whose characteristics range from static 
to 100 cycles per second. If your record- 
ing problem is not one which can be 
solved by standard Sanborn equipment, 

Sanborn’ recording 
our engineers will be glad to suggest 

ways in which modifications of it may ; 

i clude interchangeability 
suit your requirements, 


PANY of amplifiers and (with 
Model 60) preamplifiers. 
A complete catalog of Sanborn Indus- 


trial Recording Equipment will be sent CAMBRIDGE 39, MASS. 


gladly on your request. 


One channel Model 
128/141 above and two- 
channel Model 60 at 


right both incorporate 


| 
| 
| 
is 
DC PREAMPLIFIER | 
| 
( AC PREAMPLIFIER | 
Ak 
| 
me > e | | 
A 223392 | 
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~ DC (General Purpose) AMPLIFIER 
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WHITNEY 


SAYS 40 10 WITH 
ISC ‘SOUNDMETAL’ INSTALLATIONS 


Pratt & Whitney Aircraft Division of United Aircraft Corporation 
knows the threat of excessive noise to plant efficiency and community 
relations. Its program of noise control for its test cells and laboratory 
facilities is known throughout the industry as one of the most progres- 
sive and comprehensive ever undertaken. INDUSTRIAL SOUND 
CONTROL, INC., is proud of the fact that it has contributed to this 
program — and is now converting some of P&WA’s older reciprocating 
test cells to withstand the high gas velocities and temperatures of the 
new jets. 


Since 1936, ISC has led the field in quieting the aircraft industry. 
ISC has the skilled engineering, design and installation “know how,” 
gained through years of practical experience — it's no wonder the 
BIGGEST jobs go to ISC. For full information — 

Write ISC today! 


FOREIGN LICENSEES: @ Cementation (Muffelite) Limited, London 


@ Les Travaux Souterrains, Paris 


| Sound ontrol Inc. 
45 Granby Strect, Hartford 12, Conn. 


2119 SO. SEPULVEDA BLVD., LOS ANGELES, CALIF 
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Transferred to Associate Fellow Graae 

Kee, Robert M., B.S. in Engrg., Pro 
Engr., Rotor Blades, Sikorsky Aircraf 
Div., United Aircraft Corp 


Elected to MEMBER Grade 
Andes, John P., B. of Ae.E., Researe!] 


Aerodynamicist, Cornell Aero. Lab., In« 

Balzer, Joseph F., Design Engr., Doug 
las Aircraft Co., Inc. (Long Beach) 

Bond, William T., B.S., Design Engr 
Structures, Hayes Aircraft Corp 

Collins, Warren L., B. of E.E., Supv1 
Power Plant Section, Engrg. Div., North 
rop Aircraft, Inc 

Cook, Edmund G., Jr., B.A., Pilot, Thi 
Weatherhead Co 

Cooper, Edwin O., West Coast Servic 
Megr., Bendix Aviation Corp. (Burbank 

Crisp, Raymond F., B.S.E.E., Meg: 
Technical Services, Hycon Manufacturing 
Co 

Ehrich, Fredric F., Sc.D., Engr., Ad 
vanced Devel. Section, Aviation Gas Tur 
bine Div., Westinghouse Electric Corp 

Feiler, A. M., M.S.C.E., Head, Hydro 
dynamics & Aerodynamics Group, Hugh« 
Aircraft Co. (Long Beach). 

Fisher, Lewis R., B.Ae.E., Acro. R: 
search Scientist, N.A.C.A., Langley A.F.B 
Gross, Donald S., B.S.M.E. (Acro 
Asst. Prof. of Aero. Engrg., Wind Tunnel 

Operations Dept., Univ. of Maryland 

Hart, Raymond, Technical Dir., Saben 
Hart & Partners, Ltd. (Design Consult 
ants) (London ) 

Hastings, Samuel M., B.S., Physicist 
Aeroballistic Research Dept., Naval Ord 
Lab. (White Oak) 

Heirich, Charles J., B.S. in Engrg., R« 
search Engr., Lockheed Aircraft Corp 
( Burbank ) 

Johnson, W.S., Jr., M.S., Aerodynamic 
Engr., Consolidated Vultee Aircraft Corp 
(Ft. Worth) 

Luckert, H. J.. A.M. & Dr.Ph., Acro 
dynamicist, Aerodynamics Section, Cana 
dair, Ltd 

Mason, John R., Wing Group Engr 
McDonnell Aircraft Corp 

McWherter, Robert C., M.S., Research 
Engr., Univ. of Texas 

Mollo-Christensen, Erik, S.M., R« 
search Engr., Aero-elastic & Structures 
Research Lab., Massachusetts Institute of 
Technology 

Morrell, Geramd, M.S.E. (Chem. Eng 
Head, Rocket Combustion Section, Lewis 
Flight Propulsion Lab., N.A.C.A. (Clev: 
land 

O’Laughlin, Burton D., B.S.M.E., Group 
Engr., Lockheed Aircraft Corp 

Paul, Lewis A., Pres., Tru-Scale Engrg 
Supply Co., Inc 

Pelland, L. A. J., Technical Officer i 
charge of Model Aircraft Design, National 
Aeronautical Establishment (Montreal 

Pigford, John D., Designer ‘‘A,’’ Con 
trol Section, Northrop Aircraft, Inc 

Roberson, Harvey L., M.S., Mechanic 
Design Engr., Propulsion Research Corp 

Rowe, Norman D. C., Design Engr 
Lockheed Aircraft Corp. 
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AVAILABLE! 


HUMPHREY LINEA 
POTENTIOMETER 


GQCUHIC 
LOS ANGELES @f > SAN FRANCISCO > SEATTLE 


¥," Diam. for strokes up to 3” 
3%,” Diam. for strokes over 3” 
Dual element construction 


Resistance values to 13,000 ohms/inch 
with higher values in special units. 


NOW FOR THE FIRST TIME...a rugged Potentiometer that 
will give long, noise-free performance when subjected 
to vibration, dither and other environmental conditions. 


ABSOLUTE PRECISION LINEARITY with clear, sharp signal, be- 


PACIFIC SCIENTIFIC “KNOW-HOW” cause of the exclusive internal design of the Humphrey unit. 
IS AVAILABLE TO YOU. If you need The Humphrey Potentiometer is fully tested and has been 
experienced assistance in solving qualified for use in many military applications. These units 


your Potentiometer problems, 


ssiiaicunakadd aie: alias are rugged, yet amazingly light in weight, and compact in 


construction. Humphrey Potentiometers are in production 
and are available. Special units built to your specifications, 
RATE GYROS, FREE GYROS ° 
ACCELEROMETERS to meet unusual requirements. 


WRITE OUR NEAREST OFFICE FOR DETAILED INFORMATION 


pe SC { N TI C co. EASTERN REPRESENTATIVE: Aero Engineering, 


Inc., 288 Old Country Road, Mineola, L. IL., 

N.Y. 20 No. Meridian St., Indianapolis, 
Los Angeles 23, Calif. San Francisco 7, Calif. Seattle 4, Washington Ind. + 10 South St., No. 30 Baltimore, Md. + 
1430 Grande Vista Ave. 25 Stillman St. * 1915 Ist Ave. South Montreal A. M. F., P. Q., Canada. 
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linear 


accelerometers 


Stan, 
Labora, 


inear accelerometers 
are manufactured by 
Statham Laboratories for 
measurement in ranges 
from +0.5g to +1,000g. 
Unbonded strain gage 
accelerometers have higher 
natural frequency than 
is usually attainable with 
other types of pickoffs. For 
maximum possible output, 
the mechanical construction 
of these instruments is 
such that movement of the 
suspended mass produces 
a change of resistance 
of all four arms of the 
complete balanced bridge. 
The resistive nature of the 
bridge permits the use of 
these accelerometers in either 
A.C, or D.C. circuits. 


Please request 
Bulletin No. 4.0. 


LABORATORIES 
¢ Los Angeles 64, Calif. 


ENGINEERING REVIE 


Schmidt, Edward J., 
Engr.—Aircraft Nucl 
General Electric Co 

Seiler, Aubrey R., M.S. in Ae.E., Lt. & 


M.S., Technical 
ir Propulsion Proj., 


Naval Aviator, Fighter Squadron 63, 
U.S.N. 
Shapiro, Joseph, B.S.M.E., Design 


Engr., Mechanical Design Sect., Hydrau 
lics Group, Guided Missile Div., Consoli 
dated Vultee Aircraft Corp. (Pomona ) 
Stoddard, Clifford P., BS., Design 
Engr. & Supvr., Marquardt Aircraft Co 
Zara, Gregorio Y., Dr. of Sc., Dean, 
V.-P.; Head, Dept. of Aero. Engrg., 
Feati Institute of chnology (Manila) 


Transferred to MEMBER Grade 


Berger, Russell E., B.S. in Ae.E., Sr 
Design Engr., Chance Vought Aircraft 
Div., United Aircraft Corp 

Brackett, Harry Thomas, MS. in Aero 
nautics, Staff Experimental Test Pilot, 
Chance Vought Aircraft Div., United Air 
craft Corp 

Fitch, George E., 
Analyst ‘‘A,”’ North 
Inc. (Los Angeles 

Grodson, Anthony G., B.S.Ac.E., Chief 
Engr., Acrodex, 

Gunn, Clem O., Jr., B.A.E., Military 
Requirements Planning Engr., Aircraft 
Gas Turbine Div., General Electric Co 
(Evendale ) 


Loewy, Robert G., M.S 


Jr., B.S., Stress 
American Aviation, 


in Ae.E., Staff 


Stress Engr issignued to Vibrations 

Group), Piasecki Helicopter Corp 
Mamrol, Frank E., Jr., S.B. in Ae.E., 

Proj. Engr., Prelir Design Div., Piasecki 


Helicopter Corp 

Marx, Howard F., S.M. in Ae.E., Sr 
Acrophysics Engr., Consolidated Vultec 
Aircraft Corp. (Ft. Worth 

McGinness, Houston D., B.S. in Ae.E., 


Sr. Design Engr., Southern California Co 


operative Wind 17 California Insti 
tute of Technology 

Neal, Thomas E., (Ac.E.), 
Comdr., Carrier Air Group Three, Staff 


Administrative Of] Naval Aviator & 


Jet Fighter Pilot, U.S 


Neyland, Charles E., M.S. in Ac.E 


Proj. Aerodynami Consolidated 
Vultee Aircraft Cor Worth 
Parsons, Cecil E., BS., Struct. Eng: 
“A,” Boeing Airp! Seattle 
Summers, Robert Allan, S.M. in Ac. 
Research Asst., mentation Lab., 


Massachusetts Justitut of Technology 


Engrg. Cons. to Co tawings, Ine 


Elected to Associate Member Grade 


Flower, Frank A., B.A., Sales Rep., 
Thompson Produc 

Hanneman, Carl J., Product Engr., 
Huck Manufacturing 

Jobe, M. B., BS Asst. Sales Mer., 
Goodyear Aircraft ¢ 

McCormick, Harry E., B.S., Writer, 
Technical Publicatio Globe Corp., Air 
craft Div 

Salogga, Frank J., District Product 


Engr., Huck Manuf 
Willis, Jack A., B.S: 
Aircraft Supply Co 


ring Co 


Partner, Western 
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LOCKHEED'S 


NEW SUPER 
HAULS FREIGHT 
FASTER, CHEAPER 


On the opposite page you see illus- 
trated the rear loading area of a big 
Super Constellation 1049-D, designed 
to carry more freight farther, faster 
and cheaper than ever before in his- 
tory—closely approaching the sought- 
after 5¢ per ton-mile operating cost. 

This all-cargo version of the Super 
Constellation culminates 7 years of 
special cargo research by Lockheed 
and is so different from the passenger 
versions that the fuselage requires sep- 
arate production jigs. 

The 1049-D utilizes the most eco- 
nomical form of power available to 
aircraft, the turbo-compound engine. 
Four of these Wright engines, each 
rated 3250 horsepower for take-off, 
give the Super Constellation a 332- 
mph cruising speed at 20,000 feet. It 
will fly the 3,459 miles from New 
York to London non-stop in 13% 
hours with a payload of 14 tons, crew 
of 5 and full over-water equipment— 
will fly 24,500 lbs. non-stop to Berlin. 


DESIGNED TO CUT COSTS 

The Super Constellation was de- 
signed for “loadability,” so as to as- 
sure maximum efficiency and cut costs 
in man-hours. 


Total usable payload volume is 
5568 cu. ft., equivalent to a storeroom 
46.4 ft. by 15 ft. and 8 ft. high. Total 
floor area for cargo is 1032 sq. ft. 

The integrated all-magnesium floor 
is the finest being installed in any air 
transport today, according to both 
commercial and military operators 
who have inspected it. Concentrated 
loads from skids and legs may exert 
up to 400 Ibs. per square inch. Floor 
loads of 1000 Ibs. per lineal foot or 
300 Ibs. per square foot may be ap- 
plied in the main cabin. 


SPECIAL TIE-DOWNS 
AND BUILT-IN CONVEYOR 
Floor tie-down fittings in a grid pat- 

tern of approximately 20” x 20” pro- 
vide for loads of 4,000 Ibs. in any 
direction. Wall tie-downs will take up 
to 4,500 Ibs. each. 

At a push of a button the built-in 
conveyor will pull (or push) loads 
over 12,000 Ibs. on rollers or dollies 
or will skid a load of 8.000 lIbs., re- 
ducing man power to a minimum. 

The all-cargo Super Constellation is 
completely heated, pressurized and re- 
frigerated. Normal equipment includes 
dual heaters, superchargers and re- 
frigeration units. This gives cargo op- 
erators complete freedom in opera- 
tional planning and insures protection 
of the cargo, regardless of its type or 
the nature of the operation. 
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| Air freight gets a new lift...via 


SUPER 
CONSTELLATION 


FARTHER FASTER — CHEAPER! This has 
been the objective of all transportation 
since man invented the wheel. And civili- 
zation itself has progressed in direct ratio ad 
to improvements made in transportation. , 
Now, the new all-cargo Super Constella- 
tion will carry more things farther-faster- 
cheaper than any commercial plane. It will 
carry 35,000 pounds of cargo coast-to- 
coast in less than 8% hours at the lowest 
cost in history. It will carry 27,500 pounds 
New York to London non-stop in less than 
14 hours! That’s a new lift for air freight. 
All-cargo Super Constellations will soon 
serve Seaboard & Western and other lead- 
ing Operators. 


LOCKHEED 


AIRCRAFT CORP., BURBANK, CALIF., & MARIETTA, GA. 


TWENTY LEADING AIRLINES CHOOSE 
CONSTELLATIONS — UNITED STATE 


B.O.A.C., El Al Israel, Iberia, KLM, LAV, Pakis 
1, Qantas, South African Airways, Trans-Ci 
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Transferred to Associate 


Member Grade 


Burness, Gordon L., Sq. Leader, 
R.C.A.F. Air Defence Command Has. 


Elected to Technical Member Grade 


Ayres, William G., Charge-Hand Maint. 
Engr., British Overseas Airways Corp. 
(London). 


Hillel, Arie, B.Sc., Proj. Engr., Israeli 
Defence Forces. 


Weiss, David C., M.S., Proj. Engr. & 
Test Pilot, Engrg. & Research Div., All 
American Engineering Co 


Transferred to Technical 


Member Grade 


Anderson, Gordon F., S.M., 
Assoc., Brown 


Research 


Anthony, Robert R., Jr. Aerodynamics 
Engr., The Glenn L. Martin Co 


Bachand, William E., B. of Ae.E., Engrg 
Draftsman ‘‘A,”’ Testing Div., Douglas 
Aircraft Co., Inc. (Santa Monica). 


Barenow, Richard B., Detail Draftsman, 
Kaiser-Frazer Corp 


Bird, Richard M., Engrg. 
Bendix Aviation Cor] 


Draftsman, 


BH. AIRORAFT CO. 


FARMINGDALE, NEW YORK 
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Brandt, Roy P., B. of Ae.E., Mathema 
tician ‘“‘A,’’ Stress Dept., Douglas Aircraft 
Co., Inc. (El Segundo). 

Calof, Robert J., B. of Aec.E., 
Draftsman, North American 
Inc. (Los Angeles). 

Davidson, John, B.S. in Ae.E., Lt 
U.S.A.F. (Stallings A.F.B., N.C.) 

Duemler, S. Otto, Jr., Jr. Engr., Fusel 
age Group, Consolidated Vultee Aircraft 
Corp. (San Diego). 

Eckert, Don E., Aerodynamics Engr 
Chase Aircraft Co., Inc. 

Feldman, Howard, B.S. in Ae.E., Str 
Engr., Hussmann Aircraft Div. 

Grafton, Robert L., B.S. in Ae.E., Fielk 
Engr., Chance Vought Aircraft Div 
United Aircraft Corp. 

Gramms, Vaughn E. 

Hardy, Ellsworth, Jr., A.A., Jr. 
Draftsman Power 
Northrop Aircraft, Inc. 

Hill, Jack H., B.S. in Ae.E., 2nd Lt 
U.S.A.F.; Grad. Student, Univ. of Michi 
gan. 

Hinchliffe, Roy A., Proj 
west Industries 

Ingelse, Allen O., B.S., Stress Engr 
Emerson Electric Manufacturing Co 

Kumasaka, Kazuo, B.S. in Ae.E., Jr 
Engr. ‘‘B,”’ Boeing Airplane Co. (Seattle 

McCelland, R. David, Jr., Engrg. Asst 
“A’’—-Stress Analysis, Northrop Aircraft 
Inc. 

Morgan, Richard L., B.S. (Aero.), 2nd 
Lt., U.S.A.F.; (Stallings Air Force Base), 

Miale, Charles V., B.S., Engr., Aero 
dynamics Sect., Research Dept., United 
Aircraft Corp 


Engrg 
Aviatio1 


Engr 
Plant Sect 


Engr., North 


Munier, James L., 2nd Lt., 
U.S.A.F.R.; Student, Oak Ridge School 


of Reactor Technology, Oak Ridge Na 
tional Lab 

Musich, Edward J., Jr., Productior 
Equipment Designer, Aircraft 
Div., Ford Motor Co 

Pearce, Herbert E., B.S., Engrg. Drafts 
man ‘‘A,”’ Douglas Aircraft Co., Inc. (EI 
Segundo) 

Sabo, Joseph A., B.S. in Ae.E., Jr 
Engr., Sikorsky Aircraft Div., United Air 
craft Corp 

Shoffner, David R., M.S. in Ae.F 
Aerodynamicist “B,’’ North American 
Aviation, Inc. (Inglewood ) 

Spangler, Selden B., Jr., M.S.M.E., 
Ens., U.S.N.; Proj. Officer, Naval Air 
Turbine Test Station (Trenton ) 

Stein, Joseph A., B. of Ae.E., Engr.-in 
Training, A. V. Roe Canada, Ltd. (Mal 
ton). 

Swick, Eugene J., B.S. in Ae.E., 2nd 
Lt., U.S.A.F.; Student Officer, Air Force 
Institute of Technology, Wright-Patterson 
A.F.B. (assigned to North Carolina State 
College ). 

Vogel, Robert C., Draftsman, North 
American Aviation, Inc. (Los Angeles 

Wilson, John C., B.S. (Aero.), Aero 
dynamicist, Republic Aviation Corp 

Witko, Joseph, Jr., B.S. (Aero.), Asst 
Engr., Test Dept., Reaction Motors, Inc 

Woodward, Frank A., A-E., Ballistician, 
C.A.R.D.E. (Quebec). 
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el | Airborne. 400 cycle — 208v AC 
uf drive. Horizontal sump. 


Airborne. Hydraulic drive. 1500 
Ib. hydraulic system. Horizontal 
sump. 


ft Airborne. 28v—2 hp motor. Ver- 

tical sump. At sea level, and at 
nid 15,000 ft. delivers 2 cfm of free 
ee | air compressed to 3,000 psi. 


. Ground application. Here a port- 
able gasoline motor is used as 
io a driving unit. 


Ground application. Here the 
compressor can be driven by a 
60 cycle 220 volt motor. 


Airborne. For personal planes. 
in Belt driven. Integral sump. At 
Sea level, delivers 4% cfm of 
free air compressed to 500 psi. 


ENGINEERING 


Airborne. 28v —3% hp motor. 
Horizontal sump. Radio noise 
suppressor. 


Airborne. Hydraulic drive. 1500 
P lb. hydraulic system. Vertical 
h sump. Pressurized inlet. 
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ave 


Airborne. 28v — 3% hp motor. 
Vertical sump. Radio noise sup- 
pressor. 


Airborne. Hydraulic drive. 3,000 
lb. hydraulic system. Pressur- 
ized inlet. Remote sump. 


fit a KIDDE 
4.stage 
compressor to your 
pneumatics needs 


in the air... on the ground 


Except where indicated the Kidde Compressor 
delivers 4 cfm of free air compressed to 3,000 


psi at sea level. 


The word ‘*Kidde’’ and the Kidde seal are trade-marks of 
Walter Kidde & Company, Inc. and its associated companies. 


Walter Kidde & Company, Inc., 
511 Main Street, Belleville 9, N. J. 


Walter Kidde & Company of Canada, Ltd., Montreal, P. Q. 


| 
| } | 
+ 
| 
i | 
it 
| 
Ir | 
\ir | 
| 
= | 
Ait 
| | aa 
| 0 
| 


142 


AERONAUTICAL 


ENGINE 


LING 


REVIEW 


MAY; 1953 


CORPORATE MEMBERS 


OF THE 


INSTITUTE OF THE AERONAUTICAL SCIENCES 


ACADEMY Ol 
ADAMS RITI 
AEROJET DIVISION, THE 
COMPANY 
AEROLAB DEVELOPMENT COMPANY 
AERONCA MANUFACTURING CORPORATION 
AEROPRODUCTS - ALLISON DIVISION, 
MOTORS CORPORATION 
AEROQUIP CORPORATION 
AGAWAM AIRCRAFT PRODUCTS, INC 
AIRBORNE ACCESSORIES CORPORATION 
AIRBORNE INSTRUMENTS LABORATORY, IN¢ 
AIRCRAFT RADIO CORPORATION 
AIRESEARCH MANUFACTURING COMPANY, DIVISION 
OF THE GARRETT CORPORATION 
ALLIS-CHALMERS MANUFACTURING COMPANY 
ALUMINUM COMPANY OF AMERICA 
AMERICAN AIRLINES, INC 
AMERICAN BOSCH CORPORATION 
AMERICAN HELICOPTER COMPANY, INC 
AMERICAN PHENOLIC CORPORATION 
AMERICAN STEEL & WIRE COMPANY 
ANDERSON, GREENWOOD & COMPANY 
ARDE ASSOCIATES 
ASSOCIATED AVIATION UNDERWRITERS 
AVIATION ENGINEERING CORPORATION 
BAKER STEEL & TUBE COMPANY 
BEECH AIRCRAFT CORPORATION 
BELL AIRCRAFT CORPORATION 
BENDIX AVIATION CORPORATION 
BENDIX INTERNATIONAL DIVISION 
BENDIX PRODUCTS DIVISION 
BENDIX RADIO DIVISION 
ECLIPSE-PIONEER DIVISION 
FRIEZ INSTRUMENT DIVISION 
SCINTILLA MAGNETO DIVISION 
THE BG CORPORATION 
BOEING AIRPLANE COMPANY 
SEATTLE DIVISION 
WICHITA DIVISION 
BOOZ, ALLEN & HAMILTON 
BRANDT MANUFACTURING COMPANY 
BREEZE CORPORATIONS, INC 


AERONAUTICS, INC 
MANUFACTURING COMPANY 


GENERAL TIRE & RUBBER 


GENERAL 


THE BRISTOL AEROPLANE COMPANY OF CANADA 
LIMITED 

BROOKS AND PERKINS, IN¢ 

CAL-AERO TECHNICAL INSTITUTE 

CALIFORNIA PANEL & VENEER COMPANY 

CANADAIR LIMITED 

THE CESSNA AIRCRAFT COMPANY 

CHASE AIRCRAFT COMPANY, INC 

THE CHASE NATIONAL BANK OF THE CITY OF NEW 
YORK 


CIBA COMPANY, INC. 
THE CLEVELAND PNEUMATIC TOOL COMPANY 
CLIFFORD MANUFACTURING COMPANY, DIVISION OF 
STANDARD-THOMSON CORPOR ATION 
CONSOLIDATED VULTEE AIRCRAFT CORPORATION 
FORT WORTH DIVISION 
CONSULTANTS & DESIGNERS, IN(¢ 
CONTINENTAL MOTORS CORPORATION 
CORNELL AERONAUTICAL LABORATORY, IN( 
CORNELL UNIVERSITY 
CURTISS-WRIGHT CORPORATION 
PROPELLER DIVISION 
WRIGHT AERONAUTICAL DIVISION 
DOAK AIRCRAFT COMPANY, INC 
DOELCAM CORPORATION 


DOUGLAS AIRCRAFT ¢ 
EL SEGUNDO PLANT 
LONG BEACH PLANT 
SANTA MONICA PLANT 
TULSA DIVISION 
THE DOW CHEMICAL 
SION 
DZUS FASTENER COMPAN 
EASTERN AIR LINES 
EATON MANUFACTUE 
EDO CORPORATIO® 
ELASTIC STOP NUT COR 
ELECTROL INCORPOR AT 
ESSO STANDARD OIL COM 
ETHYL CORPORATION 
FAIRCHILD CAMERA 
TION 
FAIRCHILD AERIAL S 
FAIRCHILD ENGINI 
AL-FIN DIVISION 
FAIRCHILD AIRCRAFT DIN 
FAIRCHILD ENGINE DIVIS 
FAIRCHILD GUIDED MISS 
STRATOS DIVISIO 
FIRESTONE TIRE 
FLETCHER AVIATION ¢ 
FLIGHT REFUELING, IN¢ 


& RUBBI 


FLIGHT REFUELLING (CA> 


FLIGHT SAFETY FOUNDAT 
GENERAL ELECTRIC COM 
AIRCRAFT GAS TURB 
AVIATION DEPARTMI 

G. M. GIANNINI & COD 
GLOBE CORPORATION, 
THE B. F. GOODRICH ¢ 
THE GOODYEAR TIRI 
GRUMMAN AIRCRAFT 


HARVEY MACHINE COMPA® 


ROBERT HEWITT ASSO 
INDUSTRIAL SOUND 
INSURANCE COMPAN) 
PANIES 
THE 
INTERNATIONAL TELEPH 
PORATION 
IRVING AIR CHUTE COM 
JACK & HEINTZ, IN¢ 
JOHNS-MANVILLE SALES 
CORYDON M. JOHNSON 
EARLE M. JORGENSEN COM 
THE M. W. KELLOGG 
WALTER KIDDE & COMI 
KOLLSMAN INSTRUMENT ¢ 
LAVELLE AIRCRAFT COR 
LEAR INCORPORATEI 
THE LIQUIDOMETER ¢ 
LOCKHEED AIRCRAFT 
GEORGIA DIVISIO? 
LOCKHEED AIRCI 
LOEWY CONSTRUCT 
LONGINES-WITTN AU FE 
MARMAN PRODUCTS 
MARQUARDT AIRCRAFT 
THE GLENN L. MART 
McDONNELL AIRCR 
MELETRON COR POF 


INTERNATIONAL NICK 


NY, MAGNESIUM DIVI 


MPANY 


TION OF AMERICA 


NSTRUMENT CORPORA 


INC 
LANE CORPORATION 


ES DIVISION 


IMPANY OF CALIFORNIA 
RATION 


NADA) LTD 
INC 

NY 

EPARTMENT 


RAFT DIVISION 


3BER COMPANY 


NEERING CORPORATION 
Y, INC 


INC 


NORTH AMERICA COM 


COMPANY, 


NE & TELEGRAPH COR- 


ANY, INC 


RPOR ATION 
ANY, INC 
NY 
NY 


RPOR ATION 


ATION 


TION 


ATION 


E, INC 
ANY, INC 
H COMPANY, 

NY, INC 


SUBSIDIARY 


MINNEAPOLIS-HONEYWELI 
AERO DIVISION 
NATIONAL CREDIT OFFICE, INC 
NORTH AMERICAN AVIATION, INC 
NORTHRUP AIRCRAFT, INC 
PAN AMERICAN WORLD AIRWAYS, IN( 
THE PARKER APPLIANCE COMPANY 
PESCO PRODUCTS DIVISION, BORG-WARNER 
PORATION 
PHILLIPS PETROLEUM COMPANY 
PIASECKI HELICOPTER CORPOR ATION 
POWER GENERATORS, LTD 
THE PURE OIL COMPANY i 
RADIOPLANE COMPANY 
J. B. REA COMPANY, IN( 
REPUBLIC AVIATION CORPORATION 
E. V. ROBERTS AND ASSOCIATES 
A. V. ROE CANADA LIMITED 
JOHN A. ROEBLING’S SONS CORPORATION 
ROHR AIRCRAFT CORPORATION 
PAUL ROSENBERG ASSOCIATES 
SCHRILLO AERO TOOL ENGINEERING COMPANY ; 
SEABOARD & WESTERN AIRLINES, INC 
SHELL OIL COMPANY 
SIMMONDS AEROCESSORIES, IN( 
SOCON Y-VACUUM OIL COMPANY, 
SOLAR AIRCRAFT COMPANY 
SPERRY GYROSCOPE COMPANY 
SPERRY CORPORATION 
STANDARD OIL COMPANY OF CALIFORNIA 
STANDARD OIL COMPANY (INDIANA 
THE STEEL PRODUCTS ENGINEERING COMPANY 
STURGESS, IN¢ 
SUMMERS GYROSCOPE COMPANY 
TELECOMPUTING CORPORATION 
THE H. 1. THOMPSON COMPANY 
THOMPSON PRODUCTS, INC 
TINNERMAN PRODUCTS, INC 
TOOLKO ENGINEERING COMPANY 
TRANS WORLD AIRLINES, INC 
TURBO PRODUCTS, 
UNION CARBIDE AND CARBON CORPORATION 
BAKELITE COMPANY 
ELECTRO METALLURGICAL COMPANY 
HAYNES STELLITE COMPANY 
LINDE AIR PRODUCTS COMPANY 
NATIONAL CARBON COMPANY 
UNITED AIR LINES, INC 
UNITED AIRCRAFT CORPORATION 
CHANCE VOUGHT AIRCRAFT DIVISION 
HAMILTON STANDARD DIVISION 
PRATT & WHITNEY AIRCRAFT DIVISION 
SIKORSKY AIRCRAFT DIVISION 
UNITED AIRCRAFT EXPORT CORPORATION 
UNITED AIRCRAFT SERVICE CORPORATION 
UNITED STATES AVIATION UNDERWRITERS, IN¢ 
VARD INC 
VICKERS, IN¢ 
WESTERN GEAR WORKS 
WESTINGHOUSE ELECTRIC CORPORATION 
AVIATION GAS TURBINE DIVISION 
INDUSTRIAL ELECTRONICS DIVISION 
SMALL MOTORS DIVISION 8 


REGULATOR COMPANY 


DIVISION OF THE 


j 

WESTON ELECTRICAL INSTRUMENT CORPOR n¢ 
WYMAN-GORDON COMPANY but. 
YOUNG RADIATOR COMPANY ; pr 

lof Hyd 


_ Bti-skid 


Whether Check Valves or complete 
auxiliary Turbodrive Units, there are 
no projects too small—few projects too 
large for Hydro-Aire’s Engineering, 


Research and Production experience. 


ENGINEERS! Investigate the promising career 
opportunities now open at Hydro-Aire. Design 
Engineers are urgently needed to work on fuel 
pumps, turbodrives, hot air valves and other 
aircraft accessory units. For more information, 
phone, wire or write Personnel Department. 


98° increase in tire life 
is but one of the many 
proved advantages 

of Hydro-Aire’s Hytrol 
At-skid Braking System. 


Subsidiary of Crane Co. 
3000 Winona AVENUE - BURBANK, CALIFORNIA 
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CONVAIR 340 


This picture of the Convair 340 shows what Rohr 
is famous for — building power packages — power pack- 
ages for the Convair 340 — and other world-famous commercial and 


military planes. Of course, Rohr aircraftsmen do more than this. Currently 


they are producing more than 25,000 different parts for all types of airplanes. 


WORLD'S LARGEST PRODUCER | » OF READY-TO-INSTALL POWER PACKAGES FOR AIRPLANES 


i tel CHULA VISTA AND RIVERSIDE CALIFORNIA 
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Aeronautical Research and Engineering 
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Boundary Layer & Thermoaerody- Electric 173 Military Aviation 189 
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Air Transportation ae 161 Chien 175 Reciprocating. 185 
Airplane Design 161 186 
Air Conditioning & Pressurization. 161 Instruments. 175 Prod 1 
Landing Gear 161 Automatic Control +75 roduction... 86 
Wing Group. . 169 Flow-Measuring Devices 175 Metalworking 186 
Airports 169 Pressure-Measuring Devices 175 Tooling... 186 
Aviation Medicine. 162 Servomechanisms 176 Propellers. ... 186 
Computers 164 Machine Elements 176 Reference Works.... 186 
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Weight-Strength Analysis of Aircraft Structures. F. 
Reviewed by Frederick K. Teichmann, New York University 
Reviewed by |. Matthysse, Burndy Engineering Company 


Books, reports, and periodicals re mi wed in this issue or in pre- 
vious issues may be borrowed on 2-week loan without charge by 
individual or Corporate Members of the Institute in the U.S. and 
Canada. Members of The Paul Kollsman Lending Library who 
are not Members of the Institute may borrow books and, in spe- 
cial cases, other research material. ‘Members of the I.A.S. may 
borrow also from the Engineering Societies Library through The 
Paul Kollsman Lending Library. 


bers ($0.40 to nonmembers) for each 8! 
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$0.35 to members and Corporate Members ($0.45 to nonmembers) 
for each 111/:- by 14-in. print, plus postage. A service charge 
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Bibliographies on special subjects will be compiled at the rate 
of $2.50 per hour. Tvanslations of technical literature from for- 
eign languages may be obtained at $12 to $14 per 1,000 words, 
depending on the language. I.A.S. members receive 
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Photostatic copies of material in the Institute’s libraries may 


a 20 per 
be obtained at a cost of $0.30 to members and Corporate Mem- 


Full information about library membership and facilities will be sent upon request to The Paul Kollsman 
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M3, INSTALLATION 
_-~ DIMENSIONS 


.281_D HOLE 


\ ELECTRICAL CONNECTOR 
\ AN- 3102 -145-SP 


— 


Koehler has long been a pioneer in the manufacture of valves for mili- 
tary and civilian aircraft, and many industrial uses. Now, its engi- 


neering staff has perfected the first, small, light-weight, motor-driven | 


Shut-Off Valve, designed primarily for aircraft and guided missiles, 
for use in fuel, hydraulic and pneumatic systems. There are many 
other possible industrial applications. 

These new Koehler Shut-Off Valves can be used with aromatic and 
non-aromatic fuels, hydrocarbon and synthetic lubricants, hydraulic 
fluids and gases at pressures to 500 PSI, with a temperature range of 
—65°F to +500°F (ambient temperature range —65 F to +225 F). 
Teflon seals in the new valve require no curing date decals. 

Normal duty cycle of valve is—1 sec. ON—19 sec. OFF. A manual 
override opens and closes valve without electrical current. 

Inquiries are invited; just send data or, if possible, blueprints of your 
application and our engineering staff will make recommendations 
after studying your problem. 


KOEHLER 


AIRCRAFT PRODUCTS CO. Inc. 


814 Vermont Avenue, Dept. A, Dayton 4, Ohio 


REPRESENTATIVES: 
Western Aircraft Supply Co. C & H Supply Co. Prenko Progress & Eng. Corp., Ltd. 
8845 West Olympic Blvd. Boeing Field 72-74 Stafford St. 
Beverly Hills, Calif. Seattle 8, Washington Toronto, Ontario 


Aerodynamics 


Bird Flight. John Barlee. Sailplane 
and Glider, Vol. 21, No. 1, January, 1953, 
pp. 2-8, illus. Natural flight and basic 
principles. 

Flapping Flight. R.H.J. Brown. [bis, 
Vol. 93, 1951, pp. 333-359, illus. 40 
references. Reprint. Fundamental aero 
dynamic principles. 

Unsolved—The Problem of Leonardo 
Da Vinci; Human Muscle-Powered Flight. 
August Raspet. Sailplane and Glider, Vol. 
21, No. 1, January, 1953, pp. 12-14, illus 


| 6 references. 


Experiments giving Hinge Moment and 
Lift on a NACA 0015 Aerofoil fitted with a 


| 40 per cent Control, with especial reference 


to Effect of Curvature of Control Surfaces. 
A. S. Batson, J. H. Preston, and J. H 
Warsap. Gt. Brit., Aeronautical Research 
Council, Reports and Memoranda No. 2698 


| (April, 1943), 1952. 27 pp., illus. 7 refer 
| ences. British Information Services, New 


York. $1.70. 

Investigations on Stalling Behaviour, 
Rudder Oscillations, Take-off Swing and 
Flow Round Nacelles on the Tudor 
I Aircraft. D. J. Lyons. Gt. Brit., 
Aeronautical Research Council, Reports and 
Memoranda No. 2789 (December, 1947), 
1952. 18 pp., illus. 7 references. British 
Information Services, New York. $1.25. 


Boundary Layer & Thermoaerodynamics 


Factors Affecting Laminar Boundary 
Layer Measurements in a Supersonic 
Stream. Robert E. Blue and George M 
Low. U.S., N.A.C.A., Technical Note 
No. 2891, February, 1953. 49 pp., illus. 
14 references. 

Reflection of a Weak Shock Wave from 
a Boundary Layer Along a Flat Plate. I 
Interaction of Weak Shock Waves with 
Laminar and Turbulent Boundary Layers 
Analyzed by Momentum-Integral Method. 
Alfred Ritter and Yung-Huai Kuo. U.S., 
N.A.C.A., Technical Note No. 2868, 
January 27, 1953. 66 pp., illus. 21 refer 
ences. 

Solutions of Laminar-Boundary-Layer 
Equations Which Result in Specific- 
Weight-Flow Profiles Locally Exceeding 
Free-Stream Values. W. Byron Brown 
and John Livingood. 
N.A.C.A., Technical Note No. 2800, 
September, 1952. 36 pp., illus. 13 refer 
ences. 

Investigations into the Effect of Con- 
tinuous Suction on Laminar Boundary- 
layer Flow under Adverse Pressure 
Gradients. B. Thwaites. Gt. Brit., Aero 
nautical Research Council, Reports and 
Memoranda No. 2514 (April 15, 1946), 
1952. 23 pp., illus. 9 references. British 
Information Services, New York. $1.50 

On the Flow past a Flat Plate with Uni- 
form Suction. B. Thwaites. Gt. Brit., 
Aeronautical Research Council, Reports and 
Memoranda No. 2481 (February 11, 1946), 
1952. 11 pp., illus. 6 references. British 
Information Services, New York. $0.90 

A Rapid Method for Estimating the 
Separation Point of a Compressible Lami- 
nar Boundary Layer. Laurence K. Loftin, 
Jr., and Homer B. Wilson, Jr. U.S., 
N.A.C.A., Technical Note No. 2892, 
February, 1953. 19 pp., illus. 6 refer 
ences, 
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EXTRA FLEXIBILITY 
¢ FREE STRIPPING 


HIGH DIELECTRIC 
RATING -90 TO +250 


*Black, brown, red, orange, yel- 
low, greén, blue, violet {purple}, 

grey {slate}, white, tan, pink 
light green, blue. 


what happens behind 
the pilot’s back 
is MILO’S business! 


ELECTRONIC 
In the Auto-Pilot, 


That is where your 
COMPONENTS work. 
Fuel Quantity Amplifier, Public Address, 
LF, HF & VHF _ Transmitter/Receivers, 
ILS, Marker Beacon Receivers, ADF. And 
all other electronic equipment used in mod- 
ern aircraft. 

The parts had better be The in- 
struments received CAA Type Certification 
with standard components. When 


good, 


your 
Maintenance Manual requires Inspection 
& Check or Periodic Overhaul, remember 


MILO, where you can get the proper re- 
placements. The Capacitors, Connectors: 
Controls, Diodes, Relays, Resistors, 
Transformers, Sockets, Switches and Tubes. 
Recognized Brands, designed into the equip- 
ment. We supply the Instrument Makers’ 
laboratories and production lines. 


Fuses, 


They are available now 
stock. Call us, too, for test instruments 
and electronic parts for your ground in- 
stallation equipment. 


from MILO'S 


BUYERS: Write for component listings and prices. 


MILO RADIO & ELECTRONICS CORP. 


Electronics for Industry 
New York 7, N. Y. 


200 Greenwich St., 
BEekman 3-2980 


CAL E 


HOOK-UP WIRE 


NGINE 


KRING 


HI-TEMP 


Built to meet rigid government re- 
quirements, Tensolon Hook-up 
Wires are available in sizes from 
AWG30 through 20 with stranded 
silver-plated copper conductors and 
the patented Tensulated Teflon® 
covering which eliminates pin holes 
and other irregularities. 

TEFLON KIT FOR LABORATORY 
REQUIREMENTS — 

Twelve 100 ft. rolls of 


AWG 22, in assorted colors 
in convenient compact 


container ‘1 24" 


INC., TARRYTOWN, N. Y. 


| additional scales convert 
MET 


Clip-type leather case 


for 
TICAL 
ERS 


Designed 
AERONAL 
ENGINE 


The New DOUGLAS SKYRULE 


MULTIPLY 100% ADIAB. TEMP. RISE BY 0.85 FOR APP: 


“pee wis 


STATIC PRES. 3/0 Lx) 


FRONT 


TEMP. 
RES SOENS. 
ALTITUDE 


/ Hodes. ‘ye “tie! aie sre 
210 


cent. —-810 810-410-210 6 2lo 
SET STO TEMP. OW VERNIER OPPOSITE PRES. ALT. & 


T1951 
IRCRAFT | 
SET REF. TO DIAL AIRSPEED A READ TRUE MACH NUMBER) 
190 290, 


f aircraft performance 

Aach number, true air 

ty altitude, temperature 

Has conventional 

20 scales peculiar to 

r single device. Two 
m degrees C. to F. 

> from MPH to knots. All 

Complete with Instruction Manual, 


nly $1 1.50 Postpaid. 


The Vilan Co. 
525 — N. Y. 38 


Quick and easy compu 
data. Determine at a sglar 
speed, indicated air speed 
rise, other aeronautical fur t 
and “A” scale 
aviation not found in an 
scales permit conversion fr 


AL 6” long. 


87 Nassau — Room 


REVIEW 


MAY, 19583 


On the Theory of the Turbulent Bound- 
ary Layer. J. Rotta. (Max-Planck 
Institut fiir Stromungsforschung, Gottingen, 


Mitteilungen, No. 1, 1950.) US. 
N.A.C.A., Technical Memorandum Ne 
1344, February, 1953. 50 pp., illus. 21 


references. Translation. 


Fluid Mechanics & Aerodynamic Theory 


Cavitation Mechanics and its Relation 
to the Design of Hydraulic Equipment. 
Robert T. Knapp. Institution of Mechani 
cal Engineers, Proceedings (A), Vol. 166, 
No. 2, 1952, pp. 150-168, illus. 13 refer- 
ences. 

A Comparison of Two Methods of 
Linearized Characteristics for a Simple 
Unsteady Flow. Roger D. Sullivan 


U.S., N.A.C.A., Technical Note No. 2794, 
September, 1952. 28 pp., illus. 6 refer 
ences. 


Fluid Dynamic Notation in Current Use 
at N.G.T.E. S. Gray. Gt. Brit., 
nautical Research Council, Current Papers 
No. 97 (July, 1950), 1952. 26 pp., 
2 references. British Information 

New York. $1.25 

Fluid Dynamics. Murray Weintraub 
and Max Leva. Industrial and Engineer- 
ing Chemistry, Vol. 45, No. 1, 
1953, pp. 74-82. 
of literature 
1952 

Formation of Vortex Streets. 
Birkhoff. Journal of Applied Physic 
Vol. 24, No. 1, January, 1953, pp. 98-103 
54 references. Analysis for 
nonviscous fluids. 

Free Tidal Oscillations in a Rotating 
Square Sea. R. H. Corkan and A. 7 
Doodson. Royal Society (London), Pro 


Aero 
illus 


Serv 
ices, 


January, 
299 references. Review 
and developments for 1951 


Garrett 


viscous and 


ceedings, Series A, Mathematical and 
Physical Sciences, Vol. 215, No. 1121, 
November 25, 1952, pp. 147-162, illus 


8 references 

Mass Transport in Gravity Waves. 
F. Ursell. Cambridge Philosophical Soci- 
ety, Proceedings, Vol. 49, Part 1, 
1953, pp. 145-150. 11 references 

Mixing of Liquids in Chemical Process- 
ing. J. Henry Rushton. Jndustrial and 
Engineering Chemistry, Vol. 44, No. 12, 
2931-2936, illus. 29 
Flow patterns and principles 

On a Class of Exact Solutions of the 
Equations of Motion of a Viscous Fluid. 
V. I. Yatseyev. (Zhurnal Eksperimental 
’noi i Teoretisheskoi Fiziki, Vol. 20, No. 11, 
1950, pp. 1031-1034.) U.S., N.A.C 
Technical Memorandum No. 1349, 
ary, 1953. 7 pp., illus. 3 
Translation 

Pressure Drops in the Pneumatic Con- 
veyance of Solids. Oscar Pinkus. Jour 
nal of Applied Mechanics, Vol. 19, No. 4, 
December, 1952, pp. 425-431, illus 9 


January, 


December, 1952, pp. 
references 


Febru 
references 


references 

Spiral Motions of Viscous 
Georg Hamel. (Deutsche Mathematiker 
Vereinigung, Jahresbericht, 1917, Vol. 25 
pp. 34-60.) U.S., N.A.C.A., Technical 
Memorandum No. 1342, January, 1953 
14 pp., illus. 2 references. Translation 

Stability of Plane Parallel Flows of 
Electrically Conducting Fluids. D. H 
Michael. Cambridge Philosophical Soct- 
ety, Proceedings, Vol. 49, Part 1, January, 
19538, pp. 166-168. 2 references. 


Fluids. 


TENSOLITE INSULATED WIRE | | 
| | 
— 
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D d bilit b 
Exceptional performance under the most rugged combat 
conditions is provided by BG gas turbine igniters and 
thermocouples. Meeting the specific requirements of 
gas turbine engine manufacturers and the Armed 
Services, readily accessible for economical maintenance, 
BG igniters and thermocouples are the choice of 
engineering and maintenance personnel. 
i 
For information on these and 
other BG products write to 
THE | 
CORPORATION 
136 West 52nd Street 
New York 19, N.Y. 


SPARK PLUG ELBOWS = 


TGNITERS 


yn 
of 
le i 
ng 
ro- 
es. 
SS- 
the 
id. 
on- ~ 
9 4 


150 AERONAUTICAL ENGINEERING REVIEW 


OF Finite LE 


*The Bell X-1 


re original Bell X-1, now proudly resting 
in the Smithsonian Institution, was the first 
plane to break the sonic barrier. Electrol 
is proud indeed to have provided various 
hydraulic components for so famous a 
plane in so historic a flight. Working con- 
stantly with today’s foremost designers 
and builders of aircraft, Electrol offers its 
cumulative technical experience to all 


manufacturers in the field of aviation. 


HYDRAULICS 


KINGSTON, NEW YORK 


Designed 
4, 

Froducls lg CYLINDERS SELECTOR VALVES FOLLOW-UP VALVES 

“i CHECK VALVES + RELIEF VALVES °* HAND PUMPS 

Lec. Tr o/ My drauticd POWERPAKS, LANDING GEAR OLEOS * SOLENOID 

VALVES * ON-OFF VALVES« SERVO CYLINDERS TRANSFER 

VALVES * CUT-OUT VALVES + SPEED CONTROL VALVES | 


MAY, 1933 


Use of a Consolidated Porous Medium 
for Measurement of Flow Rate and Vis- 
cosity of Gases at Elevated Pressures and 
Temperatures. Martin B. Bliss and J. A 
Putnam., U.S., N.A.C.A., Technical Note 
No. 2783, September, 1952. 51 pp., illus., 
11 references. 

Some Exact Solutions of Two-Dimen- 
sional Flows of Compressible Fluid With 
Hodograph Method. Chieh-Chien Chang 
and Vivian O’Brien. U.S., N.A.C.A.., 
Technical Note No. 2885, February, 1953 
63 pp., illus. 20 references. 

Theory of the Erdmann Interferometer 
for Investigation of Compressible Flows. 
A. I. van de Vooren. Applied Scientific 
Research, Section B, Electrophysics, Acou 
tics, Optics, Mathematical Methods, Vol. 3, 
No. 1, 1952, pp. 18-28, illus. 4 references 

Flow Studies in the Vicinity of a Modi- 
fied Flat-Plate Rectangular Wing of 
Aspect Ratio 0.25. William H. Michael, 
Jr. U.S., N.A.C.A., Technical Note No 
2790, September, 1952. 33 pp., illus. 8 
references. 

An Investigation of the Flow About 
Cones and Wedges at and Beyond the 
Critical Angle. G. W. Johnston. Toronto, 
University, Institute of Aerophysics, Report 
No. 24, December, 1952. 62 pp., illus. 19 
references 

A Note on Stokes Stream Function for 
Motion with a Spherical Boundary. S. F 
J. Butler. Cambridge Philosophical Soci 
ety, Proceedings, Vol. 49, Part 1, January, 
1953, pp. 169-174. 3 references 

The Stability of the Surface of a Cavita- 
tion Bubble. A. M. Binnie. Cambridg 
Philosophical Society, Proceedings, Vol. 49, 
Part 1, January, 1953, pp. 151-155, illus 
13 references 

Effect of Variable Viscosity and Ther- 
mal Conductivity on High-Speed Slip 
Flow Between Concentric Cylinders. 
1. ©. Tan and R. E.. Street. 
N.A.C.A., Technical Note No. 2895, 
February, 1953. 122 pp., illus. 23 refer 
ences. 

Heat Transfer From Spheres to a 
Rarefied Gas in Supersonic Flow. R. M 
Drake, Jr. and G. H. Backer. American 
Society of Mechanical Engineers, Transac 
tions, Vol. 74, No. 7, October, 1952, pp 
1241-1249, illus. 15 references 

Local Heat-Transfer Coefficients on the 
Surface of an Elliptical Cylinder in a High- 
Speed Air Stream. R.A. Seban and R. M 
Drake. American Society of Mechanica 
Engineers, Transactions, Vol. 75, No. 2, 
February, 1953, pp. 235-240, illus. 8 
references, 

On the Recovery Factor for Hypersonic 
Flow with a Self-Induced Pressure Gradi- 
ent. Ronald F. Probstein and Lester Lees 
Princeton University, Aeronautical Engi 
neering Laboratory, Report No. 217, Janu 
ary 19, 1953. 7 pp. illus. 4 references 

A Chart for Oblique Shock Waves in 
Water. Reuben Bond and Werner Gold 
smith. Journal of Applied Mechanics, 
Vol. 19, No. 4, December, 1952, pp. 558 
560, illus. 3 references. 

The Interaction of Plane Shock Waves 
and Rough Surfaces. Russel FE. Duff 
Journal of Applied Physics, Vol. 23, No 
12, December, 1952, pp. 18738-1879, illus 
references, 
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Forged-in Quality means Longer Life 
for Eaton Valve-Seat Inserts 


Eaton steel valve-seat inserts are made from hot-upset and 
pierced blanks. The forging process improves the physical 
characteristics of the steel, and provides superior wearing 
qualities in the finished inserts. 


The Eaton Saginaw Division is equipped by years of experi- 
ence, and modern specialized equipment for the high-volume 
production of seat inserts in all types and sizes—iron and 
steel, puddled or plain—for aircraft, motor cars, trucks, 
tractors, and Diesel engines. 


MANUFACTURING COMPANY 
General Offices: CLEVELAND, OHIO 
SAGINAW DIVISION: 9771 FRENCH ROAD e DETROIT 13, MICHIGAN 


EATON PRODUCTS: Sodium Cooled, Poppet, and Free Valves ¢ Tappets « Hydraulic Valve Lifters e Valve Seat Inserts * Jet 
Engine Parts ¢ Rotor Pumps ¢ Motor Truck Axles ¢ Permanent Mold Gray lron Castings « Heater-Defroster Units ¢ Snap Rings 
Springtites ¢ Spring Washers ¢ Cold Drawn Steel ¢ Stampings ¢ Leaf and Coil Springs e Dynamatic Drives, Brakes, Dynamometers 
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mvirormenta 
Test 


Be sure to look 
beyond the unit... 


Bowser Technical Refrigeration pioneered the development and man- 
ufacture of environmental test equipment. = 

Bowser's complete engineering staff is available (at no obligation) 
to help in solving YOUR difficult test problems. Design engineers 
and production facilities are available to construct test equipment 
to meet your specialized requirements. 

Typical of Bowser's standard test chambers are the Laboratory 
Unit and Walk-In Room shown above. 

The Laboratory Unit has a temperature range from -+ 200° F to 
—100° F, relative humidity range from 20%, to 98°/,, altitude from 
sea level to 100,000 feet. 

Standard Walk-In Rooms simultaneously produce altitude to 100,- 
000 feet, temperature range from —100° F to +200 F, relative hu- 
midity from 20%, to 98%,. 

Bowser also builds explosion chambers, sand and dust chambers, 
humidity simulation units, and environmental simulation chambers to 
meet any desired 

Write for free descriptive bulletins or request a Bowser field engi- 
neer to consult on YOUR environmental test problem. 


TECHNICAL HEFRIGERATIOW 


DIVISION BOWSER, INC TERRYVILLE CONNECTICUT 


MAY, 


On the Theory of Shock Structure. I. 
L. J. F. Broer. Applied Scientific Re 
search, Section A, Mechanics, Heat, Chemi 
cal Engineering, Mathematical Methods, 
Vol. 3, No. 5, 1952, pp. 349-360. 
ences 

The Production of High Temperature 
Gases in Shock Tubes. E. L. Resler, 
Shao-Chi Lin, and Arthur Kantrowitz 
Journal of Applied Physics, Vol. 23, No 
12, December, 1952, pp. 1390-1399, illus 
11 references. 

Unsteady Oblique Interaction of a Shock 
Wave With a Plane Disturbance. Frank 
lin K. Moore. U.S., N.A.C.A., Technical 
Note No. 2879, January, 1953. 66 pp., 
illus. 7 references. 

On a Solution of the Nonlinear Differen- 
tial Equation for Transonic Flow Past a 
Wave-Shaped Wall. Carl Kaplan. (U.S., 
N.A.C.A., Technical Note No. 2383, 1951.) 
U.S., N.A.C.A., Report No. 1069, 1952 
11 pp., illus. 4 references. Superintend 
ent of Documents, Washington, $0.20 

On the Solution of Trans-sonic Flow 
using Laplace Transformation. Tatudiro 
Sasaki. Physical Society of Japan, Jour 
nal, Vol. 7, No. 6, November—December, 
1952, pp. 625, 626, illus. Reprint. 

Combined Effect of Damping Screens 
and Stream Convergence on Turbulence. 
Maurice Tucker. U.S., N.A.C.A., Tech- 
nical Note No. 2878, January, 1953. 62 
pp., illus. 14 references. 

Development of Turbulence-Measuring 
Equipment. Leslie S. G. Kovasznay 
U.S., N.A.C.A., Technical Note No. 2839, 
January, 1953. 86 pp., illus. 11 refer- 
ences 

The Measurement of Turbulent Veloc- 
ity Fluctuations by the Method of Electro- 
magnetic Induction. Lawrence M. Gross 
man and Andrew F. Charwat. Review of 
Scientific Instruments, Vol. 23, No. 12, 
December, 1952, pp. 741-747, illus. 9 
references 


6 refer 


Internal Flow 


Experimental Investigation of Loss in an 
Annular Cascade of Turbine-Nozzle 
Blades of Free Vortex Design. Hubert W 
Allen, Milton G. Kofskey, and Richard E 
Chamness U.S., N.A.C.A., Technical 
Note No. 2871, January, 1953. 33 pp., 
illus. 5 references. 

Expressions for Measuring the Accuracy 
of Approximate Solutions to Compressible 
Flow Through Cascades of Blades With 
Examples of Use. John T. Sinnette, Jr., 
George R. Costello, and Robert L. Cum- 
mings. U.S., N.A.C.A., Technical Note 
No. 2501, October, 1951. 33 pp., illus. 5 
references. 

Tests on Four Aerofoil Cascades. I 
Deflection, Drag and Velocity Distribu- 
tion. IIl—Boundary Layer Character- 
istics. F. G. Blight and W. Howard 
Australia, Department of Supply, Aero- 
nautical Research Laboratories, Report Nos 
E. 74, E. 75, July, 1952. 36, 29 pp., illus 
16 references 

The Effect of Friction on the Flow in 
Vaneless Diffusor Space of Centrifugal 
Compressors. J. Woodrow. Gt. Brit., 
Atomic Energy Research Establishment, 
Report No. 817 (E/R 549, June, 1950), 
January, 1952. 10 pp., illus. 4 references 
Ministry of Supply, Harwell, Berks 
2s. 6d 
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Light Weight — 414 lbs. per cu. ft. 
as Excellent Structural Strength — 60 lbs. p. s. i. 
se Zero Moisture Pick-Up 
> e “K” Factor 0.21 
ag 
ir Bi Rubatex Insulation Hardboard 
9. 
Air Blown Rubatex Insulation Hardboar 
e 
9 
9 There’s a reason why more and more aircraft parts are being made with Rubatex 
Insulation Hardboard — the expanded rubber with a unique nitrogen-filled, closed 
cellular structure. Millions of cells filled with inert nitrogen and permanently sealed 
an 
rle with tough live rubber — make Rubatex Insulation Hardboard extremely light in 
WV 
E weight, highly resistant to moisture and aromatic fuels, and give it excellent structural 
cal 
strength. 
. In addition, Rubatex Insulation Hardboard possesses the lowest conductivity of 
icy 
ale any known solid material; is rot, vermin and termite proof; and, due to its excellent 
ith 
Es structural strength and rigidity, will outlast other kinds of insulating materials 
In- 
ole many years. 
Check your blueprints and see where Rubatex Insulation *Pure air oxidizes rubber. Rubatex uses 
Hardboard can do its “part” in your aircraft job today! nitrogen — all the advantages of air with- 
) out its harmful effect. 
u- 
i Send for additional information and catalogs. Great American 
eo Industries, Inc., Rubatex Division, Bedford, Virginia. 
TO 
us 
AIR THAT PROTECTS — USE RUBATEX 
in 
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GONVAIRS,°° 


Power plant section of Convair 340, one of 
several Convair types that use Breeze Conduit. 


BREEZE Conduit and Fittings 


MAR 


Like so many types and makes of military and 
commercial aircraft, latest CONVAIRS rely on 
BREEZE Conduit and Fittings, particularly in 
the power plant sections. In such applications 
high heat resistance is a critical safety require- 
ment, and BREEZE heat-resistant, stainless steel 
conduit meets the most exacting specifications 
in this respect. BREEZE 198 Series Conduit is 
FIREPROOF — withstands temperatures up to 
2000° F. for 5 minutes in accordance with CAA 
safety regulations, Release No. 259. Breeze 
Conduit and Fittings for ignition circuits or high 
showing interlocked and braided tension applications is a production item, read- 
construction, ily available in a wide range of sizes. Flexible 
conduit assemblies are made to specifications 
for any use. 


Flexible Metal Conduit 


CORPORATIONS, INC. 
41 South Sixth Street, Newark 7, N. J. 
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Axisymmetric Supersonic Flow in Rotat- 
ing Impellers. Arthur W. Goldstein 
(U.S., N.A.C.A., Technical Note No. 2388, 
1951.) U.S., N.A.C.A., Report No. 1083, 
1952. 14 pp., illus. 4 references. Super 
intendent of Documents, Washington. 
$0.20. 

Method of Analysis for Compressible 
Flow Through Mixed-Flow Centrifugal 
Impellers of Arbitrary Design. Joseph T. 
Hamrick, Ambrose Ginsburg, and Walter 
M. Osborn. (U.S., N.A.C.A., Technical 
Note No. 2165, 1950.) U.S., N.A.C.A., 
Report No. 1082, 1952. 10 pp., illus. 3 
references. Superintendent of Documents, 
Washington. $0.15. 

A General Theory of Three-Dimen- 
sional Flow in Subsonic and Supersonic 
Turbomachines of Axial, Radial, and 
Mixed-Flow Types. Chung-Hua Wu. 
American Society of Mechanical Engineers, 
Transactions, Vol. 74, No. 8, November, 
1952, pp. 1863-1380, illus. 47 references 

The Mean Flow in Kaplan Turbines 
R. E. Meyer. American Society of 
Mechanical Engineers, Transactions, Vol. 
74, No. 7, October, 1952, pp. 1283-1289, 
illus. 10 references. 

Performance Characteristics of Plane- 
Wall Two-Dimensional Diffusers. Elliott 
G. Reid css NAGA Technical Note 
No. 2888, February, 1953. 80 pp., illus 
18 references. 

The Pumping Speed of a Circular Aper- 
ture in a Diaphragm Across a Circular 
Tube. A. J. Bureau, L. Jackson Laslett, 
and J. M. Keller. Review of Scientific 
Instruments, Vol. 23, No. 12, December, 
1952, pp. 683-686, illus. 4 references 

Steady Motion of Conducting Fluids in 
Pipes Under Transverse Magnetic Fields. 
J. A. Shercliff. Cambridge Philosophical 
Society, Proceedings, Vol. 49, Part 1, Janu 
ary, 1953, pp. 186-144, illus. 3 references 

Calculation of the Shape of a Two- 
Dimensional Supersonic Nozzle in Closed 
Form. Dante Cunsolo. (L’Aerotecnica, 
Vol. 31, No. 4, August 15, 1951, pp. 225 
230.) U.S., N.A.C.A., Technical Memo 
randum No. 1358, January, 1953. 29 pp., 
illus. Translation. 

Design, Calibration and Correction of a 
1.6 Mach Number Nozzle. J. G. Laberge 
Canada, National Aeronautical Establish 
ment, Laboratory Report No. LR-41, 
November 5, 1952. 21 pp., illus. 2 refer 
ences. 

The Dynamics of Pulsative Flow 
Through Sharp-Edged Restrictions, With 
Special Reference to Orifice-Metering. 
R.C. Baird and I. C. Bechtold. American 
Society of Mechanical Engineers, Transac 
tions, Vol. 74, No. 8, November, 1952, pp 
1381-1387, illus. 15 references. 

An Experiment on Nozzle Flow . . . De- 
termination of the Law of Expansion for 
Particular Cases. V.D. Naylor. Aircraft 
Engineering, Vol. 24, No. 285, November, 
1952, pp. 344-347, illus. 2 references 

Fast Jets from Collapsing Cylinders. 
W.S. Koski, F. A. Lucy, R. G. Shreffler, 
and F. J. Willig. Journal of Applied 
Physics, Vol. 23, No. 12, December, 1952, 
pp. 1800-13085, illus. 2 references. 

Leakage of Air Through Glands of 
Staggered Type. W.J. Kearton and T. H 
Keh. Jnstitution of Mechanical Engineers, 
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ANOTHER REASON AL Lk. bk (N 


LEA Des IN Al R 


We burst this whee 


it 
to prove its strengt 
pp. 
: Wou are looking at a photograph of a jet engine titanium com- 
coh pressor wheel being deliberately disintegrated by Allison engineers 
41, in a super-high-speed test. First, our engineers spun the wheel at 
ter- | the highest rpm the test machine could produce — and it would not 
burst. Then they cut a notch in the hub and the wheel “let go” at 
ni 22.000 rpm —5.000 rpm higher than the strongest steel wheel could 
ing. stand. This picture taken at 2-millionths of a second showed our 
ican engineers the action at the instant the wheel burst. 
Dp Tests like this aren’t new — but this one served to show that the 
new higher-strength, lighter-weight titanium alloy wheel has a safety 
De- margin of many thousands more rpm than would 
for ever be experienced in actual flight. Careful testing 
2 ike this forecasts tomorrow's successful application 
like this f ts t ful applicat 
eT “ 
of new metallurgical developments — typical of the 
continuous pioneering which maintains the leader- psccesoen 
ers MOTORS 
Her ship for Allison engines in the air. 


Allison turbine wheels also are spun at over- 
speeds for proof of quality in production as well as 
for laboratory development. 


DIVISION OF GENERAL MOTORS 
INDIANAPOLIS, INDIANA 


Iz 
H 


World’s most experienced designer and builder of aircraft turbine engines —J35 ond J7] Axial, J33 C 


-Jet engines, T38 and T40 Turbo-Pr 
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Sensitive Galvanometer Used in 
Guided Missile Researcii..- 


... Protected by an 


EDISON 


Time Delay Rela 


Malfunction or failure of recording 
equipment when a guided missile is fired 
can result in the loss of invaluable re- 
search data. The requirement of complete 
reliability of components used in con- 
junction with this equipment resulted in 
the selection of an EDISON Time Delay 
Relay as a vital part of the Model 46A 
Sub-Carrier Discriminator manufactured 
by Electro-Mechanical Research, Inc., 
Ridgefield, Conn. 


The Edison Time Delay Relay is 
used to protect the sensitive galva- 
nometer in the associated oscillo- 
graphic recording unit, by allow- 
ing the power tube filaments to 
reach proper operating tempera- 
ture before the application of high 
voltage. The thermal action is 
independent of line voltage varia- 
tions since the delay characteristics 
vary in the same proportions as 
the heating of the filaments. Be- 
cause of their cooling rate, EDISON relays 
prevent loss of equipment operating time 
due to momentary power interruptions. 


Q Edison. 
INCORPORATED 


Instrument Division 
Dept. 63, West Orange, New Jersey 


Edison engineers will be glad to help 
solve your cathode protection problems. 
Just call or write to: 


| You CAN 


ALWAYS RELY 
| ON EDISON 
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Proceedings (A), Vol. 166, No. 2, 1952, pp. 
180-188; Discussion, pp. 189-195, illus 
12 references. 

Flow Separation in Rocket Nozzles. 
Leon Green, Jr. American Rocket Society, 
Journal, Vol. 23, No. 1, January-February, 
1953, pp. 34, 35, illus. 10 references 

Some Experiments on Flow Separation 
in Rocket Nozzles. Karl Scheller and 
James A. Bierlein. American Rocket 
Society, Journal, Vol. 23, No. 1, January- 
February, 1953, pp. 28-32, 40, illus. 5 
references 

Zum Verteilungsgesetz der Tropfen- 
grossen bei der Zerstéubung. (On the 
Distribution Law of Droplet Size in 
Atomization.) Hans A. Troesch and Peter 
Grassmann Zeitschrift ftir angewandte 
Mathematik und Physik, Vol. 4, January 
1d. 1953, pp. 81-85, illus. 
In German 


references 


Stability & Control 


Current Status of Dynamic Stability 
Theory. F.E. Bothwell. Electrical Engi- 
neering, Vol. 71, No. 12, December, 1952, 
p. 1101. 3 references. 

Estimation of the Maximum Angle of 
Sideslip for Determination of Vertical-Tail 
Loads in Rolling Maneuvers. Ralph W 
Stone, Jr U.S., N.A.C.A., Technical 
Note No. 2633, February, 1953. 46 pp 
illus. Sreferences. 

A Generalised Treatment of Ma- 
noeuvrability. J. R. Baxter. Australia, 
Department of Supply, Aeronautical Re- 
search Laboratories, Report A. 76, October, 
1952. 49 pp., illus. 5 references. 

Wind-Tunnel Measurements of Yawing 
Moment due to Yawing (n,) on a 1/5.5 
Scale Model of the Meteor Nark F. III. 
J. G. Ross and R. C. Lock. Gt. Brit., 
Aeronautical Research Council, Reports and 
Memoranda No. 2791 (May, 1947), 1952 
31 pp., illus. 11 references. British In 
formation Services, New York. $1.90 

The Static Longitudinal Stability and 
Control of an Aeroplane as Affected by the 
Compressibility of the Air. J. Buhrman 
and C. M. Kalkman. Netherlands, Na- 
tionaal Luchtvaartlaboratorium, Amsterdam, 
Report No. V. 1625 ( Reports and Transa¢ 
tions, Vol. 16, pp. V7-V16), 1951 
illus. 7 references 


10 pp., 
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Graphical Solution of Multhopp’s Equa- 
tions for the Lift Distribution of Wings. 
F. Vandrey. Gt. Brit., Aeronautical Re 
search Council, Current Papers No. 96 
(February, 1951), 1952. 8 pp., illus. 1 
reference. British Information Services, 
New York. $0.55. 

Note on the Maintenance of Laminar- 
Flow Wings. W. E. Gray and H. Davies 
Gt. Brit., Aeronautical Research Council, 
Reports and Memoranda No. 2485 (April 
21, 1947), 1952. 3 pp. 3 references 
British Information Services, New York 
$0.30. 

Investigation of the Effects of Varia- 
tions in the Reynolds Number Between 0.4 
x 10° and 3.0 X 10° on the Low-Speed 
Aerodynamic Characteristics of Three 
Low-Aspect-Ratio Symmetrical Wings 
with Rectangular Plan Forms. George WW 
Jones, Jr. Us. N.A Research 
Memorandum No. L52G18, September 22, 
1952. 13 pp., illus. 6 references. 
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L:O-F Super-Fine Fiber-Glass blankets pro- 
vide excellent sound and thermal insulation 
for your aircraft. 

These extremely lightweight blankets add 
very little to your flight load. And, because you 
do the same insulating job with less thickness 
of Super: Fine than with many other materials, 
you gain space, increase payload weight and 
capacity. 

The fine glass fibers will not burn, absorb 
moisture, support fungi, mildew or rot. Only 
inorganic fibers, of which Super’Fine is com- 
posed, have all these qualities. Super’Fine is a 


FIBER-GLASS 
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How LOF tightwetght insulating blankets 
cut weight, save tuel, boost payload 


superior insulation in its resistance to heat flow. 


Super’Fine is lightweight. One sq. ft. of .6 
pound density and one-half inch thickness 
weighs only .4 of one ounce. Properly applied, 
Super:Fine will not shake down or pack under 
ordinary vibration. And L-O-F Super-Fine 
meets all applicable commercial and Govern- 
ment standards. 


Get details from your nearest L-O-F office 
(offices in 26 major cities). Or write Libbey: 
Owens’Ford Glass Company, Fiber’Glass Di- 
vision, 953 Wayne Building, Toledo 3, Ohio. 


LIBBEY‘OWENS-FORD GLASS COMPANY 
FIBER-GLASS DIVISION 


FIBER: GLASS 


| 
ie aan 
and 
iry 
en- 
the 
in 
eter 
ndte \ 
ary a 
| 
152 
k 
ying 
5.5 
III. i 
I 
and 
the 
ua- 
igs 
lar- 
prul | 
Or 
| 
0.4 GLASS} 
eed 
ngs 


158 AERONAUTICAL ENGINEERING REVIEW 


Continental is read 
to work with more 
aircraft manufacturers 


Call on Continental for a good job fast on large and small aircraft 


parts of all kinds. We offer the services of an experienced engineer- 
ing staff and over 2,000 technicians and skilled mechanics, working 
in a complete, self-contained aircraft plant with 225,000 square feet 
of manufacturing space. 


Continental's aircraft experience dates from World War II. Equip- 
ment in our Coffeyville, Kans. plant is the newest and most efficient 
—90%, of it is only one year old. We’re ready to work with you NOW. 
For intelligent cooperation and on-time delivery, call on Continental. 


CURRENTLY MANUFACTURING SUCH COMPONENTS AS: 


pilot seats hydraulic jacks bomb rack kits 
inboard, outboard flaps landing gear doors elevators 
radar antennas drop tank struts cowling 


Write, wire or telephone 
J. B. Jack, Sales Manager, Defense Contracts 


CONTINENTAL © CAN COMPANY 


Continental Can Building, 100 E. 42nd St., New York 17 


MAIL COUPON FOR DETAILED STORY. NO OBLIGATION. 


Continental Can Company, Dept. C, 

100 E. 42nd St., New York 17, N, Y. 

Please rush me your data kit describing Continental's 
aircraft plant and facilities at Coffeyville, Kans. 


Name & Title TER 
Con ARTMENMT 
y= BUFFALO PUBLIC cr 


Address 
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A Series of Low-drag Aerofoils Embody- 
ing a New Camber-line. Ola Douglas 
Gt. Brit., Aeronautical Research Council, 
Reports and Memoranda No. 2494 (May 
23, 1947), 1952. 19 pp., illus. 4 refer 
ences. British Information Services, New 
York. $1.25. 

Theoretical Symmetric Span Loading 
Due to Flap Deflection for Wings of 
Arbitrary Plan Form at Subsonic Speeds. 
John DeYoung. (U.S., N.A.C.A., Tech 
nical Note No. 2278, 1951.) Cas. 
N.A.C.A., Report No. 1071, 1952. 41 pp., 
illus. 5 references. Superintendent of 
Documents, Washington. $0.35. 

Aerofoil Theory of a Flat Delta Wing at 
Supersonic Speeds. A. Robinson. Gt 
Brit., Aeronautical Research Council, Re 
ports and Memoranda No. 2548 (Septem 
ber, 1946), 1952. 21 pp., illus. 9 refer 
ences. British Information Services, New 
York. $1.40 

Calculations of Upwash in the Region 
Above or Below the Wing-Chord Planes of 
Swept-Back Wing-Fuselage-Nacelle Com- 
binations. Vernon L. Rogallo and John L 
McCloud, III. U.S., N.A.C.A., Technical 
Note No. 2894, February, 1953. 15 pp., 
illus. 4 references. 

The Effects of Endplates on Swept 
Wings. D. Kuchemann and D. J. Kettle 
Gt. Brit., Aeronautical Research Council, 
Current Papers No. 104 (June, 1951), 1952 
23 pp., illus. 8 references. British Infor 
mation Services, New York. $1.00. 

Some Effects of Reynolds Number on a 
Cambered Wing at High Subsonic Mach 
Numbers. H.E.Gamble. Gt. Brit., Aero 
nautical Research Council, Current Papers 
No. 103 (May, 1951), 1952. 34 pp., illus 
6 references. British Information Serv 
ices, New York. $1.25. 

I—-Steady Vibrations of Wing of Circu- 
lar Plan Form. IIl—Theory of Wing of 
Circular Plan Form. N. E. kKochin 
(Prikladnaya Matematika i Mekhanika, 
Vols. 6, 4, Nos. 4, 1, 1942, 1940, pp. 287 
316; 3-32.) U-.S., N.A.C.A., Technical 
Memorandum No. 1324, January, 1953 
93 pp., illus. 4 references. Translation 

Swept-wing Loading. A Critical Com- 
parison of Four Subsonic Vortex Sheet 
Theories. H. C. Garner. Foreword. 
L. W. Bryant. Gt. Brit., Acronautical 
Research Council, Current Papers No. 102 
(July 12, 1951), 1952. 61 pp., illus. 25 
references. British Information Services, 
New York. $3.00. 


Aeroelasticity 


The Aerodynamic Behavior of a Har- 
monically Oscillating Finite Sweptback 
Wing in Supersonic Flow. Chieh-Chien 
Chang U.S., N.A.C.A., Technical Note 
No. 2467, October, 1951. 76 pp., illus 
11 references. 

The Extinction of Predominantly Sub- 
harmonic Oscillations in Nonlinear Sys- 
tems. Carl A. Ludeke and William Pong 
Journal of Applied Physics, Vol. 24, No. 1, 
January, 1953, pp. 96, 97, illus. 4 refer 
ences 

Statistical Aspects of Dynamic Loads. 
Y.C. Fung. Institute of the Aeronautical 
Sciences, Preprint No. 376, 1952. 23 pp., 
illus. 21 references. Members, $0.65; 
nomeimbers, $1.00 
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SIMPLICITY in hydraulic pump design 


wv 


is important for these reasons: 


h Ifunction 
| The Pesco hydraulic pump is a gear ess chance of pump mo , 


design—the simplest of all hydraulic less maintenance 
pumps. There are actually only three . «+ less cost for overhaul 


moving parts in the pump proper. 


.. less weight 
Fewer moving parts mean— g 


... less noise 


the! NCY of “Pressure Loading” 
which makes possible: 


**Pressure Loading” is Pesco’s exclusive 
development that automatically holds 


of oil, thereby maintaining the volu- over a wide range of temperatures 
} metric efficiency throughout the long 


service life of the pump. 


STATISTICAL QUALITY CONTROL 
4 
which assures: 


... uniform high quality and performance of each pump 
... a longer, trouble-free service life 


: Simplicity of design, efficiency of “Pressure Loading” and 
: statistical quality control in all phases of manufacture, are 
- rn three important reasons why Pesco pumps are standard 
“snee,> equipment on military and commercial aircraft and on 
— > many automotive and industrial products. Write today 

im oO regarding your hydraulic pump requirements. 


BORG-WARNER CORPO 


24700 NORTH MILES ROAD 


| 
PRODUCTS DIVISION 


| Noda 


RATION 


BEDFORD, OHIO 


| 
l 
j 
Vy, 
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For evaluating the dynamic characteristics 
of rate gyros and angular accelerometers 


DOELCAM 


FREQUENCY RESPONSE 


ANALYZER 


Type BA-100 shown here includes: 


Servo-controlled mechanical oscillator 
operating at frequencies from | to 80 cps. 

Electronic analyzer providing direct readings 
of input frequency, amplification and phase shift. 


THE TYPE BA-100 FREQUENCY RESPONSE ANALYZER 
is one of the many special types of laboratory test 
equipment developed by Doelcam for evaluating 
the characteristics of instruments and control sys- 


tems. Your inquiry is invited. 


DOELCAM CORPORATION 
SOLDIERS FIELD ROAD, BOSTON 35, MASS. 


Instruments for Measurement and Control 
Gyroscopic Instrumentation » Synchros 
Servomechanisms + Microsyns - Electronic Inverters 


COMPLETE COMPUTING SERVICE 


i 


for @ Problem Analysis 
Programming 
® Machine Computation 


in the fields of applied science, technol- 
ogy, and large-scale data processing. 


Offered to industry ...to government 
agencies...andtoresearch organizations. 
This center will operate an ERA 1101 
-..a large-scale general-purpose digital 
computer with an outstanding record of 
reliable performance. 


We Invite Your Inquiry. 
For additional information on 
facilities and services of the 
ERA Computation Center 
write DEPT. AE-4 


Division of Flemington. 
COMPUTATION CENTER, 555 23rd Street So., Arlington, Virginia 


Mechanical 
Oscillator 


Electronic 
Analyzer 


AIRSURANCE 


Airline Passenger Insurance 


Annual! Policies 
from $5,000 to $100,000 


at new low rates 


No Physical Examination « No Age Limit 


EXAMPLE 
$25,000.00 for death or dismemberment 
$1,000.00 for Hospital and Doctor's bills 
$50.00 per week when disabled 


PREMIUM $38.00 per year 


Policies cover 


Backed by the 
Combined Assets of 
Aetna Casualty & Surety Co. 
American Surety Co. of N. Y. 
Century Indemnity Company 


Hartford Accident & Indem- 
nity Co 


Maryland Casvalty Co. 


Massachusetts Bonding & 
Insurance Co, 


Passengers on 
scheduled airlines 
world-wide — also 
girlines in Conada, 
Mexico and South 
America which meet 
sofe operating 
standords. New Amsterdam Casualty Co. 
Standard Accident Insurance 
Company 
Travelers Insurance Co. 
United States Casualty Co. 


United Stotes Fidelity & 
Guoranty Co. 


WRITE OR PHONE ANY U. S. GROUP OFFICE 


UNITED STATES AVIATION UNDERWRITERS 


INCORPORATED 


80 JOHN ST. « NEW YORK 38,N. Y. 
ATLANTA + CHICAGO - DALLAS - KANSAS CITY 
LOS ANGELES - SAN FRANCISCO 
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A Study for Wing Torsional Divergence. 
T. J. Mentel. Canada, National Aero 
nautical Establishment, Laboratory Report 
No. LR-2, July 16, 1951. 39 pp., illus. 4 
references 

A Criterion of the Prevention of Spring- 
Tab Flutter. A. R. Collar and G. D 
Sharpe. Gt. Brit., Aeronautical Research 
Council, Reports and Memoranda No. 2637 
(June, 1946), 1952. 19 pp., illus. 9 refer 
ences. British Information Services, New 
York. $1.25 

Design of a Simple Electronic Flutter 
Simulator. F. Smith and W. D. T. Hicks 
Royal Aeronautical Society, Journal, Vol 
57, No. 505, January, 1953, pp. 29-38, 
illus. 1 reference. 

An Experimental Investigation on the 
Flutter Characteristics of a Model Flying 
Wing. N. C. Lambourne. Gt. Brit., 
Aeronautical Research Counc il, Reports and 
Memoranda No. 2626 (April, 1947), 1952 
24 pp., illus. 6 references. British Infor- 
mation Services, New York. $1.50 

Evaluation of Gust Response Charac- 
teristics of Some Existing Aircraft with 
Wing Bending Flexibility Included. Eldon 
E. Kordes and John C. Houbolt. U.S., 
N.A.C.A., Technical Note No. 2897 
February, 1953. 31 pp., illus. 6 refer 
ences. 

Measurement of Gust Loads in Air- 
craft. J. Taylor. Royal Aeronautical 
Society, Journal, Vol. 57, No. 506, Febru 
ary, 1953, pp. 78-88, illus. 

A Study of Vanes Singing in Water. 
C. A. Gongwer. Journal of Applied 
Mechanics, Vol. 19, No. 4, December, 
1952, pp. 432-488, illus. 4 references 
Propulsion experiments at Aerojet Engi 
neering Corp. 

Torsional Vibration Notes With Solu- 
tions for an Untuned Viscous Damper 
and Flexible Coupling with Nonlinear 
Elasticity. F.P. Porter. American Soci 
ety of Mechanical Engineers, Transactions, 
Vol. 75, No. 2, February, 1953, pp. 241 
262; Discussion, pp. 262-268, illus. 5 
references. 

Use of the Centrifugal Governor Mecha- 
nism as a Torsional Vibration Absorber. 
O. A. Pringle. American Society of 
Mechanical Engineers, Transactions, Vol 
75, No. 1, Section 1, January, 1953, pp 
59-62, illus. 2 references. 

Vibrations of Elastic Shells in a Fluid 
Medium and the Associated Radiation of 
Sound. Miguel C. Junger. Journal of 
Applied Mechanics, Vol. 19, No. 4, De- 
cember, 1952, pp. 439-445, illus 17 
references. 


Aeronautics, General 


The Dawn of Aviation’s New Era. 
D.G. Samaras. S.A.E., Annual Meeting, 
Detroit, January 12-16, 1953, Preprint 
No. 26. 17 pp., illus. 8 references. Sur- 
vey of jet propulsion and other develop 
ments; trends. 

50th Anniversary of Powered Flight. 
Fred Hamlin. Aero Digest, Vol. 65, No. 6, 
December, 1952, pp. 66-88, illus. Develop 
mental survey. 

Rex Pierson; An Appreciation and the 
Lessons of his Work. A. H. Roy Fedden 
(First R. kK. Pierson Memorial Lecture.) 
Royal Aeronautical Society, Journal, Vol. 
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57, No. 
Discussion, pp. 


506, February, 1953, pp. 


75-77, illus. 


63-75; 


Air Transportation 


Air Cargo Trends in the United States. 
R. Hackney and C. J. Rausch. Lock- 


heed Aircraft Corporation, Report No 
SLR/1005, September, 1952. 74 pp., 
illus 


Airplane Design 


The Design of Jettisonable Cockpit 
Hoods. I. L. Keiller. Gt. Brit., Aero- 
nautical Research Council, Current Papers 


No. 105 (September, 1951), 1952. 34 pp., 
illus. 11 references. British Information 
Services, New York. $1.60. 


A Designer’s View of Combat Aircraft 
Reliability. Ivan H. Driggs and John E. 
Forry. S.A.E., Annual Meeting, Detroit, 
January 12-16, 1953, Preprint No. 38. 8 
pp., illus 

Maintenance Considerations in Design. 
Marshall W. Galliers. S.A.E., 
Meeting, Detroit, January 
Preprint No. 34. 6 pp., illus. 

Chance Vought AU-1 Corsair Fighter 
Aircraft. Aero Digest, Vol. 65, No. 6, 
December, 1952, pp. 26-48, illus., cutaway 
drawing. 

Douglas C-124A Globemaster II Four- 
Engined Cargo Transport Aircraft. C. W 
Davies. Aero Digest, Vol. 65, No. 5, 
November, 1952, pp. 26-36, illus., cutaway 
drawing. 

North American F-86 Series Sabre 
Swept-Wing Turbojet Fighter Aircraft. 
H. F. King. Flight, Vol. 63, No. 2297, 
January 30, 1953, pp. 136-147, illus., cut 
away drawings. 

World’s Largest Wing Tanks. William 
P. Brotherton. Aero Digest, Vol. 65, No. 
6, December, 1952, pp. 90-99, illus. 
duction at Ryan Aeronautical Co. 


Annual 
12-16, 1953, 


Pro- 


Air Conditioning & Pressurization 


Airplane Heating and Ventilating Equip- 
ment, Engineering Data Fluid Dynamics. 
Committee A-9, Aircraft Air Conditioning 


Equipment. S.A.E., Aeronautical Infor- 
mation Report No. 23, October 15, 1951. 
40 pp., illus. 11] references. 


A New Method of Performance Analysis 
of Air Cycle Cooling of a High Speed Air- 
plane. Donald E. Brimley. 
Society of Mechanical Engineers, 


American 
Aviation 


© Heat Transfer Divisions, Spring Meet- 
ing, Seattle, March 24-26, 1952, Paper No. 


52-S-5. 21 pp., illus. 4 references. 

Temperature Control of Jet-Engined 
Aircraft. E. W. Still. Royal Aeronautical 
Society, Journal, Vol. 57, No. 506, Febru- 
ary, 1953, pp. 89-102, illus. 


Landing Gear 


An Airborne Indicator for Measuring 
Vertical Velocity of Airplanes at Wheel 


Contact. Robert C. Dreher. 
V.A.C.A., Technical Note No. 2906, 
February, 1953. 19 pp., illus. 2 refer- 
ences. 


Friction Surfaces for Spin-Up Simula- 
tion in Landing-Gear Drop Tests. D. W. 
Drake. American Society of Mechanical 
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W! Low Temperature 


FITTINGS. 


for commercial and military applications 


Standard and special co-ax con- 
nectors, cable assemblies, wave- 
meters, crystal mounts, dummy load, 
directional couplers, ond other 
microwave components, Descriptive 
bulletin on request. 


702 Beacon Street, Boston 15, Massachusetts 


HEATING ELEMENTS 


| 
| 


Can be permanently cemented in 
place on curved or flat surfaces 


© Applies Heat “On the Spot” 


© Temperature of Heating Element is Only Slightly 
Higher than Object Being Heated 


© High or Low Rating per Unit Area 
© Available as Wire or Flexible Sheets 
© Ultra-Safe—Minimum Current Requirement 


Cox Heating Elements are new and completely 
different. 
elements stay in place regardless of tempera- 
ture change or mechanical shock. 
leading manufacturers, they have already 
proved their worth in more than 200 military 
applications for Guided Missiles, Airborne In- 
struments, Hydraulic Equipment, Batteries, etc. 


When cemented in position, the 


Used by 


Solve your equipment heating problems now 
with Cox Heating Elements. 


Write for Data 


COX & COMPANY, Inc. 


115 East 23rd St., New York 10,N. Y. 


TYPE 


HIGH- GAIN PLUG-IN 


AMPLIFIER 


Maximum voltage gain of 9,000—Case dimen- 
sions only 3” x 2'/,” x 17/3”—Frequency response 
substantially flat from 2 to 1,000 cps.—Reduces 
power supply surges by a factor of 5 and ripple 
by a factor of 25 in output—Particularly well 
adapted to applications involving low-level low- 
frequency inputs. Important applic ation is its use 
in wide-range integrating circuits in which in- 
tegration is achieved by a stabilizing negative- 
feedback circuit. 


For more information send for descriptive bulletin . 


Division of 
1902 West Minnehaha Avenue, Dept. AE- 4 rs St Lara W4, Minnesota 


DIGITAL COMPUTERS « DATA HANDLING SYSTEMS + MAGNETIC 
STORAGE SYSTEMS « INSTRUMENTS « ANALOG MAGNETIC 


RECORDING SYSTEMS « COMPUTING SERVICE 


| | 
L . 
> 
| | | 
| 
| .. 
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CONDUIT COUPLING ADAPTER — 
AN3068 


SHELL NO. 2245 


Here is the answer to a frequent question we 
receive from people everywhere. Yes, Cannon 
does make a complete iine of accessories to be 
used in conjunction with the AN Series of con- 
nectors. Complete engineering data on each of 
these is given in the Cannon AN Bulletin, avail- 
able on request. 


CANNON ELECTRIC 


Since 1915 


Factories in Los Angeles, Toronto, New Haven, Benton Harbor. Rep- 
resentatives in principal cities. Address inquiries to Cannon Electric 
Company, Dept. E-105,P. O. Box 75, Lincoln Heights Station, Los 
Angeles 31, California. 


CANNON 
ELECTRIC 


ACCESSORIES 
for the “AN” Series 


CONDUIT COUPLING 
AN3056 


AN3058 


BONBING RING 


TELESCOPING GLAND BUSHING 


REVIEW 


MAY, 1953 


Engineers, Transactions, Vol. 74, No 
October, 1952, pp. 1269-1279; Discussion, 
pp. 1279-1281, illus. 5 references. 

Modern Bogies; Problems posed in the 
Design of Undercarriages for Fast and 
Heavy Bombers. W.T.Gunston. Fiighi, 
Vol. 83, No. 2299, February 13, 1953, pp 
198-201, illus 

Undercarriage Performance During 
Landing; A Mathematical Theory Illus- 
trating a Useful Method of Approximation. 
R. F. Hazard. Aircraft Engineering, Vol 
25, No. 287, January, 1953, pp. 16-19, 
illus 

Undercarriage Strength Testing from 
the Weight Aspect; The Influence of Test 
Results on Design as a Factor in the Re- 
duction of Weight. W. T. Fisher. 4A: 
craft Engineering, Vol. 25, No. 288, Febru 
ary, 1958, pp. 32-34, illus. 2 references 


Wing. Group 


Design Criteria for Fatigue of Wings. 
P.B. Walker. Royal Aeronautical Societ 
Journal, Vol. 57, No. 505, January, 1953, 
pp. 12-18, illus. 1 reference. 

The Shape of Wings to Come; Straight 
vs. Swept vs. Delta vs. Crescent. Dana 
Magoir. Canadian Aviation, Vol. 26, No 
2, February, 1952, pp. 28, 29, illus. 

Wing Structures of Future Aircraft. 
Olle Ljungstr6ém. Saab Sonics, No. 18, 
1952, pp. 16-24, 29, illus. 5 references 


Airports 


An Analysis of the Candlepower Distri- 
bution Requirements of Runway Lights. 
Marcus S. Gilbert and H. J. Cory Pearson 
U.S., C.A.A., Technical Development Re 
port No. 178, June, 1952. 19 pp., illus. 2 
references 

Evaluation of Airport Surface Detection 
Equipment Model AN/MPN-7 (XW-1). 
I—Technical Evaluation. Edward M 
Blount, Samuel L. Kades, Hugh A. Kay, 
and Raymond E. McCormick. II 
Operational Evaluation. Clair M. Ander 
son and Marvin H. Yost. U.S., C.A.A., 
Technical Development Report Nos. 175, 
176, November, 1952. 24 pp.; 28 pp 
illus. 1 reference. 

Hangar Design Problems in Canada. 
A. Craigon. Canadian Aviation, Vol. 26, 
No. 2, February, 1953, pp. 43-60, illus 

Some Effects of Terrain on the Null- 
Reference Glide Path Shape. John W 
Watt and Alan L. Saunders. U.S., 
C.A.A., Technical Development Report 
No. 169, August, 1952. 17 pp., illus. 1 
reference, 


Aviation Medicine 


Aeromedical Problems for Nuclear- 
Propelled Aircraft. John E. Pickering 
Aeronautical Engineering Review, Vol. 12, 
No. 4, April, 1953, pp. 69, 70. 

Atmospheric Characteristics of Greatest 
Human Significance in Aviation of the 
Next Decade. Paul A. Campbell. Aer 
nautical Engineering Review, Vol. 12, No 
1, April, 1953, pp. 50-55, illus. 4 
ences 

Development of Biological Research 
Apparatus for Use in Acceleration and 
Deceleration Studies. I—The Evaluation 
of Pressure Transducer Systems. John 


refer 
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Bonding, Casting and Coating Resins developed by 


ioe Ciba Research are simplifying manufacturing meth- 
| ods, improving product efficiency, and opening new 
nd fields of product development. You will want to know 
/ more about them. 
ing 
mf 
ol 5 
19 
ast 
é OPENING A NEW ERA IN 
AIRCRAFT ENGINEERING 
REDUX 
ht | The Redux* Bonding Process, 
f developed by Ciba’s subsidiary, Aero 
Research in England, makes possible 
- the rivetless assembly of primary 
ft structures in aircraft. The famed 
~y de Havilland ‘‘Comet” shown above 
a was specifically designed to use the 
Redux Process in the assembly of its 
components, and was built directly 
from the drawing boards without a 
prototype. The acceptance of the 
— Redux Bonding Process by the 
ial | Shown above is a single curved wing panel Shown below is a section of a typical aircraft industry has been demon- 
ts. : used as a primary structure ina high perform- — sandwich construction utilizing thick facings strated further by its adoption as 
yn | ance Chance -Vought Aircraft jet. This type of and end-grain wood core, bonded to- standard procedure in military types 
¢ construction is typical of Redux-bonded as- —_ gether with a structural adhesive. The inter- as well, such as the U. S. Navy’s 
2 } semblies comprising metal-to-metal and metal nal doubler at the right illustrates how “Cut] nal Soi fi tee built b 
to end-grain wood adhesive bonds. local reinforcements may be added and ha wg h & y 
on | still retain flush contour. Chance - Vought. 
l). 
iv. 
p 
la. 
6, 
The achievement of ways and means to assemble aircraft components with the “Redux” 
ll- j Process as developed by Dr. N. A. de Bruyne, Ciba’s distinguished associate from England, 
. has won widespread engineering and public attention both here and abroad. 
Pas In response to long-standing invitations from American universities, engineering societies 
ts and aircraft companies, Dr. de Bruyne has just completed a specially arranged lecture 
itinerary appearing before these groups from coast to coast. 
REPRINTS OF PUBLISHED PAPERS BY DR. DE = ; | 
BRUYNE ON THE “REDUX” PROCESS and related PLASTI 
cs 
) data sheets have been assembled in a special reference | C | 6 A C 0 M PA N Y | N C e, DIVISION | 
r- file folder to serve as a preliminary guide to aircraft en- i 
ig gineers in evaluating and using the “Redux” bonding 627 Greenwich St., New York 14, N.Y. | 
2, process. Complete engineering assistance and informa- | (In Canada: Ciba Co. Ltd., Ciba Bldg., Montreal) 
tion on the use of the process are available from Ciba. 
st — | Please send me data on the Redux | 
TECK 
Plastics ' 
Address | 
A.E.R.-5 
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Parnell, Edward L. Beckman, and Lysle 
H. Peterson. U.S., Naval Air Development 
Center, Aviation Medical Acceleration 
Laboratory, Johnsville, Penna., Report No. 
NA DC-MA-5206, January 15, 1953. 142 
pp., illus. 35 references. 

Impact of Modern Aviation on Health. 
Harold V. Ellingson. Aeronautical Engi- 
neering Review, Vol. 12, No. 4, April, 1953, 
pp. 79-81. 

Physiological Aspects of Prolonged 
Flight at High Altitudes and Survival in 
Emergencies. Ulrich C. Luft. Aero- 
nautical Engineering Review, Vol. 12, No. 
4, April, 1953, pp. 56-60, illus. 8 ref- 
erences. 

Trends and Transition in Aeronautical 
Problems; With a View Toward the Next 


Ten Years. Otis O. Benson, Jr. Aero- 


Eclipse-Pioneer™ 


Rough balancing i 
Fine balancing incre 


triples balancing output 
of air-pump rotors 
with TREBEL BALANCER 


ncreased from 3 
ased from 3.1 


ENGINEERING 


nautical Engineering Review, Vol. 12, No. 
4, April, 1953, pp. 45-49, illus. 

The Use of Autocorrelation Functions in 
the Harmonic Analysis of Human Be- 
havior. R. Otis J. 
Benepe. Indiana University. U.S., Air 
Force, Aero Medical Laboratory, Wright 
Air Development Center, Technical Report 
No. 6529, October, 1951. 10 pp., illus. 10 
references. 

Quantitative Instrument Reading as a 
Function of Dial Design, Exposure Time, 
Preparatory Fixation, and Practice. Julien 
M. Christensen. U.S., Air Force, Wright 
Air Development Center, Technical Report 
No. 52-116, September, 1952. 51 pp., 
illus. 23 references 

A Study of Pilots’ Eye Movements Dur- 
ing Visual Flight Conditions. Thomas M 


Narasimban and 


1 to 9.6 per hour 
5 to 13.1 per hour 


*Division of Bendix Aviation Corporation 
ivi 


Loc. te unb 


Takes less than a minute to read, 
2 minutes to set up. 


No special skills are needed to 
detect the unbalance that 
causes vibration in rotating 
parts ... when you use the 
TREBEL DYNAMIC BALANCER. 
The unique TREBEL dynamic 
balancing principle applies a 
variable counter-vibration to 
counteract unbalance vibra- 
tion. Direct readings in ounce- 
inches give the amount of un- 
balance without further cali- 
bration; readings in degrees 
show location of unbalance. 
That’s why so many lead- 
ing plants use the TREBEL. 
Write for Catalog “D” or see a 
demonstration in your own plant. 


alance in your rotating 
parts this fast, simple way 


205 East 42nd St., N. Y. 17 © Offices in Cleveland, Detroit, los A 
anadian sales by European Machinery Ltd., 11 


Model 2bS Trebel Balancer 

Weight capacity 2'/2 oz. to Ibs 

Max. work diameter 7’’; length 18 

Accurate within .000025” displacement of center of gravity 
Other Trebel models for work up to 22,000 Ibs. and 982" OD. 


URT ORBAN 


COMPANY. INC. 
n Francisco, Houston 
West, Toronto, Canada. 
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1953 


Edwards and Wayne D. Howell. U.S., 
C.A.A., Technical Development Report No. 
179, June, 1952. 23 pp., illus. 
ences 

Vision at High Speed and Altitude. 
Victor A. Byrnes. Aeronautical Engineer- 
ing Review, Vol. 12, No. 4, April, 1953, pp 
61-64, 70. 8 references. 


3 refer- 


Computers 
Circuitry ‘‘Packages’’ for Electronic 
Computers. U.S., National Bureau of 


Standards, Summary Technical Report Ne 
1732, December, 1952. 5 pp. 

Computers—Past, Present, and Future. 
W. H. MacWilliams, Jr. Electrical Engi- 
neering, Vol. 72, No. 2, February, 1953, pp 
116-121. 14 references. 

Computing Machines in Aircraft Engi- 
neering. C. R. Strang. Electrical Engi 
neering, Vol. 72, No. 1, January, 1953, pp 
43-48, illus. 4 references. 
cations. 

Fundamental Characteristics of Digital 
and Analog Units. John M. Salzer. Radio 
& Television News, Radio-Electronic Engi- 
neering Section, Vol. 49, No. 2, February, 
1953, pp. 138-15, 30, illus. 4 references 

Gated Decade Counter Requires No 
Feedback. E.L. Kemp. Electronics, Vol 
26, No. 2, February, 1953, pp. 145-147, 
illus. 2 references. 

Intermittent-Feed 
Reader. B. G. Welby. 
26, No. 2, 
illus. 


Types; appli- 


Computer Tape 
Electronics, Vol 
February, 1953, pp. 115-117, 
Developed for the input system of 
the Ferranti digital computer (Mark 1). 

Resistance Network Analogue Com- 
puter. U.S., National Bureau of Stand 
ards, Summary Technical Report No. 1721, 
November, 1952. 7 pp., illus. 1 reference 
(Also in Technical News Bulletin, Vol. 37, 
No. 2, February, 1953, pp. 19-21.) 

Storage Cathode-Ray Tube; Electro- 
static ‘‘Memory’’ System for Digital 
Computing Machines. L. S. Allard 
Wireless World, Vol. 59, No. 2, February, 
1953, pp. 95, 96, illus. 2 references. 

Analog Computers for Coordinate 
Transformation. Norman L. Fritz. Re- 
view of Scientific Instruments, Vol. 23, No 
12, December, 1952, pp. 667-671, illus. 3 
references. 

An Analogue Computer for Use in the 
Design of Servo Systems. E. E. Ward. 
(1.E.E., Measurements Section, Paper No 
1201.) Institution of Electrical Engineers, 
Proceedings, Part II, Power Engineering 
Vol. 99, No. 72, December, 1952, pp. 521 
532; Discussion, pp. 549-552, illus. 7 
references. 

The Design and Testing of an Electronic 
Simulator for a Hydraulic Remote-Posi- 
tion-Control Servo Mechanism. F. J. U 
Ritson and P. H. Hammond. (J/.E.E., 
Measurements Section, Paper No. 1296 
Institution of Electrical Engineers, Proceed- 
ings, Part II, Power Engineering, Vol. 99, 
No. 72, December, 1952, pp. 533-548; 
Discussion, pp. 549-552, illus. 10 refer- 
ences. 

A High-Accuracy Time-Division Multi- 
plier. Edwin A. Goldberg. RCA Review, 
Vol. 18, No. 3, September, 1952, pp. 265 
274, illus. 1 reference. Developed for 
Office of Naval Research, Special Devices, 
Center, as part of the Typhoon analog 
computer project. 


| 
> 
EPS 
a 
J 
KO 
= 


AERONAUTICAL 


Effective 


extra durability for aluminum 


parts and products. 


Economical 


“ALODINE” 
protective chemical coat- 


ings provide extra paint life and 


ENGINEERING REVIEW 


Efficient 


AMERICAN CHEMICAL PAINT COMPANY 


Manufacturers of Metallurgical, Agricultural and Phar 


Detroit, Michigan 


AMBLER,) 


Niles, California 


Ontario 


—MAY, 1958 165 


ALODIZING 


is an electro- 

less protective surface 
conversion process for 
bonding paint to alu- 
minum and protecting 


the metal. 


Tough, durable 

Alodized surfaces are 
obtained easily and 
rapidly by immersion, 


brushing, or spraying in 


a multi-stage washer. 


“ALODINE™ 


Meets these 

Service Specifications: 
MIL-C-5541; MIL-S- 
5002; AN-F-20; U.S. 
Navord O.S. 675; 16- 
E4 (SHIPS); AN-C-170 
(See MIL-C-5541); U 
S. A. 72-53 (See AN- 
F-20). 


CHEMICALS 


PROCESSES 


| 
* ®) 
: () 4 
I 
No 
ol 
17 ’ 
ipe 
ol 
17 \ 
m- 
1d 
y Xe 
A AS 
tal : 
ate 
¢ 
Ve - ‘ 
E 
6 
ed 
1S 
er 
ti- | 
og 


166 AERONAUTIC 


Solution of Transient Stagewise Opera- 
tion on an Analog Computer. Andrew 
Acrivos and Neal R. Amundson. Jndus 
trial and Engineering Chemistry, Vol. 45, 
No. 2, February, 1953, pp. 467-471, illus. 
1 reference. 

Computer Reliability. Edwin S. Rich 
and Robert R. Rathbone. Radio & Tele- 
vision News, Radio-Electronic Engineering 
Section, Vol. 49, No. 2, February, 19538, 
pp. 10-12, 31, illus. Performance criteria 
of electronic digital types based on a life 
test at M.I.T. 

Design Features of the ERA 1101 
(Digital) Computer. F. C. Mullaney. 
Electrical Engineering, Vol. 71, No. 11, 
November, 1952, p. 1015-1018, illus. 

The Electronic Discrete Variable Com- 
puter. S. E. Gluck. Electrical Engineer- 
ing, Vol. 72, No. 2, February, 1953, pp. 
159-162, illus. 5 references. EDVAC, 
developed at University of Pennsylvania. 

Multiplication in the Manchester Uni- 
versity High-Speed Digital Computer. 
A. A. Robinson. Electronic Engineering, 
Vol. 25, No. 299, January, 1953, pp. 6-10, 
illus. 6 references. 

The Physical Realization of an Elec- 
tronic Digital Computer. A. LD. Booth. 
Electronic Engineering, Vol. 24, No. 296, 
October, 1952, pp. 442-445, illus. 3 
references. 

Typical Block Diagrams for a Transistor 
Digital Computer. J. H. Felker. Electri- 
cal Engineering, Vol. 71, No. 12, Decem- 
ber, 1952, pp. 1103-1108, illus. 
ences. 

The Use of a ‘‘Floating Address’’ Sys- 
tem for Orders in an Automatic Digital 
Computer. M. V. Wilkes. Cambridge 
Philosophical Society, Proceedings, Vol. 49, 
Part 1, January, 1953, pp. 84-89. 
ences. 


5 refer 


3 refer- 


Education & Training 


Economic Justification of the Flight 
Simulator. Ward D. Davis and George 
Moore. Shell Aviation News, No. 171, 
September, 1952, pp. 16, 17, illus. Com- 
parative costs data. 

The Modern Flight Simulator. W. W. 
Wood, Jr. Electrical Engineering, Vol. 71, 
No. 12, December, 1952, pp. 1124-1129, 
illus. 3 references. 
and design. 

The Training of Test Pilots. A. E. 
Clouston. Royal Aeronautical Society, 
Journal, Vol. 57, No. 505, January, 1953, 
pp. 39-44, illus. 

Training the Aircraft Engineer of 
Tomorrow; The Air Service Training 
Engineering School. Peter F. Murray. 
Society of Licensed Aircraft Engineers, 
(Incorporating The Technical Instructor), 
Journal, Vol. 1, No. 12, December, 1952, 
pp.'2-10, illus. 


History, economics, 


Electronics 


Contribution to the Theory of Impulse 
Breakdown. Frank R. Dickey, Jr. 
Journal of Applied Physics, Vol. 23, No. 
12, December, 1952, pp. 1336-1339, illus. 
3 references. 

Electronics, Development, and Indus- 
trial Growth. J. E Electrical 


Hobson. 


AL ENGINEERING 


Engineering, Vol. 71, No. 11, 
1952, pp. 986-991 


November, 


Iron Atoms in the Service of the Elec- 


trical Engineer. Charles Goodeve. (The 
43rd Kelvin Lecture, April 24, 1952.) 


Institution of Electric 
ings, Part I, Gener 
November, 1952, pp 
references. 

The Mechanism of the Ring Dis- 
charge in Negative Point-to-Point Corona. 
Allan Greenwood. Journal of Applied 
Physics, Vol. 23, No. 12, December, 1952, 
pp. 1316-1319, illus 


ul Engineers, Proceed 
, Vol. 99, No. 120, 


225-232, illus. 5 


10 references. 

On an Equation Connected with Theory 
of Triode Oscillations. R.A.Smith. Cam 
bridge Philosophical Society, Proceedings, 
Vol. 48, Part 4, October, 1952, pp. 698 
717, illus. 6 references 

On the Magnetic Resonance Absorption 
in Conductors. N. Bloembergen. Jour- 
nal of Applied Physics, Vol. 23, No. 12, 
December, 1952, pp. 1383-1389, illus 
IS references. 

On the Solution of the Schrédinger 
Equation for Finite Systems, with Special 
Reference to the Motion of Electrons in 
Coulomb Electric Fields and Uniform 
Magnetic Fields. R. B 
bridge Philosophical Society, Proceedings, 
Vol. 49, Part 1, January, 1953, pp. 108 
114. 20 references 

The Optimum Space-Charge-Controlled 
Focus of an Electron Beam. D. L. Holl 
way. Australian Journal of Scientific 
Researc h, Series A, Physical Science Ss, 
Vol. 5, No. 3, September, 1952, pp. 4380 
436, illus. 


Overlapping Energy 
Theory of Collective Electron Ferro- 
magnetism. A. B. Lidiard. Cambridge 
Philosophical Society, Proceedings, Vol. 49, 
Part 1, January, 1953, pp. 115-129, illus 
20 references 


Dingle. Cam 


5 references 


Bands and the 


A Simplified Form of the Relativistic 
Electromagnetic Equations. N. W. Tay 
lor. Australian Journal of Scientific Re 
search, Series A, Phy ! Sciences, Vol. 5, 
No. 3, September, 1952, pp. 428-429. 8 
references. 

The UHF Issue. Jnstitute of Radio 
Engineers, Proceedings, Vol. 41, No. 1, 
January, 1953. 412 pp., illus. 
ences. Partial contents: Measurements 
of Some Operational Characteristics of an 
Amplitude-Modulated —Injection-Locked 
UHF Magnetron Transmitter, L. L 
Koros. High-Power Klystrons at UHF, 
D. H. Preist, C. E. Murdock, and J. J 
Woerner. Theory of the Reflex Resna 
tron, M. Garbuny. An Axial-Flow Resna- 
tron for UHF, R. L. McCreary, W. J 
Armstrong, and §. G. MeNees. On Trans 
formations of Linear Active Networks 
with Applications Ultra-High Fre 
quencies, H. Hsu. Multichannel Crystal 
Control of VHF and UHF Oscillators, A. 
Hahnel. Characteristics of the Magnetic 
Attenuator at UHF, F. Reggia and R. W 
Beatty. A Microwave Magnetometer, 
P. J. Allen. A UHF Surface-Wave Trans- 
mission Line, C. E. Sharp and G. Goubau 
UHF Radio-Relay System Engineering, 
J. J. Egli. Prediction of the Nocturnal 
Duct and Its Effect on UHF, J. J. Ander 
son and E. E. Transmission 
Loss in Radio Propagation, K. A. Norton 


175 refer 


Gossard 
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Suppression of Ground Reflections; 
Applications of Optical Methods to Micro- 
wave Communication Systems. Michael 
Lorant. Wireless World, Vol. 59, No. 2, 
February, 1953, pp. 87, 88, illus. 

Time-Division Multiplex Systems. I, 
II. J. E. Flood. Electronic Engineering, 
Vol. 25, Nos. 299, 300, January, February, 
1953, pp. 2-5; 58-63, illus. 54 references. 

Air Navigation Aids and Traffic Control. 
Charles F. Horne. American Institute of 
Electrical Engineers, Address, December 9, 
1952. 13 pp. 

Instrument Approach System Steering 
Computer. W. G. Anderson and E. H. 
Fritze. Institute of Radio Engineers, Pri 
ceedings, Vol. 41, No. 2, February, 1953, 
pp. 219-228, illus. 6 references. Pic 
torial types developed by Collins Radio 
Co. 

(Experimental) High Voltage Supplies 
for CR Tubes. Robert E. Ricketts 
Radio & Television News, Radio-Electronic 
Engineering Section, Vol. 48, No. 6, De 
cember, 1952, pp. 7-10, 30, 31, illus. 2 
references 

A Low Voltage Stabilizer with Satu- 
rated-Diode Control. V.H.Attree. Elec 
tronic Engineering, Vol. 25, No. 300, 
February, 1953, pp. 71-78, illus 15 
Developed at University of 
Manchester, Fluid Motion Laboratory 

F-M Recording in Guided Missiles. 
Albert A. Gerlach. Electronics, Vol. 26, 
No. 1, January, 1953, pp. 108-111, illus 
3 references 

Radio Telemetering Systems. David 
Fidelman Radio & Television News, 
Radio-Electronic Engineering Section, Vol 
19, No. 1, January, 1958, pp. 3-6, illus 


references. 


Antennas 


Analysis of Microwave Antenna Side- 
lobes. N.I. Korman, E. B. Herman, and 
J. R. Ford. RCA Review, Vol. 13, No. 3, 
September, 1952, pp. 323-334, illus. 3 
references 

An Antenna Impedance-Measuring In- 
strument. J. F. Cline. Jnstitute of Radio 
Engineers, Proceedings, Vol. 40, No. 12, 
December, 1952, pp. 1686-1689, illus. 3 
references. (Based on a Ph.D. thesis. ) 

Experimentally Determined Radiation 
Characteristics of Conical and Triangular 
Antennas. George H. Brown and O. M 
Woodward, Jr. RCA Review, Vol. 13, No 
+, December, 1952, pp. 425-452, illus. 12 
references 

Factors Affecting the Performance of 
Linear Arrays. L. L. Bailin and M. J 
Ehrlich. Institute of Radio Engineers 
Proceedings, Vol. 41, No. 2, February, 
1955, pp. 235-241, illus. 8 references 

On the Calculation of Some Definite 
Integrals in Antenna Theory. H. Lottrup 
Knudsen. <Applied Scientific Research, 
Section B, Electrophysics, Acoustics, Of 
tics, Mathematical Methods, Vol. 3, No. 1, 
1952, pp. 51-68, illus. 24 references. 

A Theoretical Study of an Antenna- 
Reflector Problem. W. C. Jakes, Jr 
Institute of Radio Engineers, Proceedings, 
Vol. 41, No. 2, February, 1952, pp. 272 
274, illus. 1 reference. 

Wide-Angle Scan Radar Antenna. 
H. N. Chait. Electronics, Vol. 26, No. 1, 
January, 1953, pp. 128-132, illus 
references 
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Circuits & Components 


Automatic Temperature Compensation; 
Some Notes on Frequency Compensation 
for Ambient Temperature Effects. R.H 
Mapplebeck. Electronic Engineering, Vol 
25, No. 300, February, 1953, pp. 78-80 
illus 

The D-C Motor as a Capacitor. Aram 
Boyajian. Electrical Engineering, Vol. 72, 
No. 2, February, 1953, pp. 154, 155, illus 
9 references 

D. C. Relays; Some Recent Techniques 
and Developments. N. E. Hyde. Elec 
tronic Engineering, Vol. 25, No. 299, 
January, 1953, pp. 11-17, illus. 2 refer 
ences 

The Design and Layout of Printed Cir- 
cuit Patterns. Samuel J. Lanzalotti and 
Sherman G. Bassler. Radio & Television 
News, Radic-Electronic Engineering Sec 
tion, Vol. 48, No. 5, November, 1952, pp 
13-16, 25, illus. Auto-Sembly System 

The Design of Single-Phase Transduc- 
tors. H. A. Ross. Australian Journa 
Applied Science, Vol. 3, No. 4, December, 
1952, pp. 277-292, illus. 6 references 

Electronic Components in Great Britain. 
G.W.A. Dummer. Electrical Engineering, 
Vol. 72, No. 2, February, 1953, pp. 167 
169, illus. Radio and radar research and 
development 

Electronic Equipment in Fighter Air- 
craft. A. R. Andersen. Electrical Eng 
neering, Vol. 72, No. 1, January, 1953, pp 
64-67 

Formulae For Ladder Filters. H. J 
Orchard. Wireless Engineer, Vol. 30, No 
1, January, 1953, pp. 3-5, illus. 4 refer 
ences 

Multi-Contact Electrical Connectors; 
Types ; Characteristics ; Applications ; How 
to Specify. Leslie Baird. Product Engi 
neering, Vol. 23, No. 11, November, 1952, 
pp. 184-188, illus. 

Parallel-Tuned Circuit Periodically 
Switched to a Direct-Current Source. 
L. J. Giacoletto. RCA Review, Vol. 13, 
No. 3, September, 1952, pp. 386-416, 
illus. 1 reference. 

RC Cathode-Follower Feedback Cir- 
cuits. S.C. Dunn. Wireless Engineer, 
Vol. 30, No. 1, January, 1953, pp. 10-19, 
illus. 7 references. 

Standards on Receivers: Definitions of 
Terms, 1952. Institute of Radio Engineers, 
Proceedings, Vol. 40, No. 12, December, 
1952, pp. 1681-1685. 

The Wien Bridge and Some Applica- 
tions. C. F. Brockelsby. Electronic Eng: 
neering, Vol. 24, No. 296, October, 1952, 
pp. 450-453, illus. 1 reference. 

Bipolar Logarithmic Corona-Current 
Amplifier. Seville Chapman and Leonard 
Bogdan Electronics, Vol. 26, No. 1, 
January, 1953, pp. 136, 137, illus. 9 
references. Cornell Aeronautical Labora 
tory-developed circuit to study earth’s 
electric field during snow- and thunder 
storms 


Commutation’s Effect on Magnetic 
Amplifier Stability. Masao Sakamoto 
Electrical Engineering, Vol. 72, No. 2, 
February, 1953, p. 165, illus. 3 references 

A Design for a Constant Volume Ampli- 
fier. G. J. Pope. Electronic Engineering, 
Vol. 24, No. 296, October, 1952, pp. 464, 
465, illus. 
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Distributed Amplifiers; Mutual-Induct- 
ance-Coupled Type. B. Murphy. Wire- 
less Engineer, Vol. 30, No. 2, February, 
1953, pp. 39-47, illus. 14 references. 

A Mathematical Analysis of an Induc- 
tively Loaded Parallel-Connected Mag- 
netic Amplifier. Louis A. Pipes. Journal 
of Applied Physics, Vol. 23, No. 12, De- 
cember, 1952, pp. 1358-1361, illus. 5 
references. 

A Selective Detector Amplifier for. 10 
10,000 c/s. G. H. Rayner. Journal of 
Scientific Instruments, Vol. 30, No. 1, 
January, 1953, pp. 17-20, illus. 10 refer- 
ences. 

Versatile D. C. Amplifier. J.S. Dereska. 
Radio & Television News, Radio-Electronic 
Engineering Section, Vol. 49, No. 1, Janu- 
ary, 1953, pp. 8, 9, 28, 29, illus. 

A ‘‘Loudspeaker’’ Clutch. U.S., Na- 
tional Bureau of Standards, Summary 
Technical Report No. 1725, October, 1952. 
t pp. (Also in Franklin Institute, Jour- 
nal, Vol. 255, No. 1, January, 1953, pp. 
62-64; and in Electronics, Vol. 26, No. 2, 
February, 1953, pp. 216, 218, 220.) 
N.B.S.-developed electromagnetic device; 
computer and other applications. 

Powdered Magnetic Cores. W. J. 
Polydoroff. Tele-Tech., Vol. 12, No. 2, 
February, 1953, pp. 69-71, 112-120, 128 
132, illus. 15 references. 

Built-Up Mica Plate for High-Tem- 
perature Applications. C. L. Dawes and 
W. R. Mansfield. Electrical Engineering, 
Vol. 72, No. 2, February, 1953, pp. 145 
150, illus. 6 references. 

Dielectric Strength of Impregnated 
Pressboard. T. W. Dakin and C. N. 
Works. Electrical Engineering, Vol. 72 
No. 2, February, 1953, p. 156, illus. 1 
reference. 

IN-420: A New Chlorinated Liquid 
Dielectric. A. J. Warner. Electrical 
Engineering, Vol. 72, No. 1, January, 1953, 
p. 68, illus. 

Questionnaire Results Concerning Cur- 
rent Field Practices in Electrical Tests on 
Dielectrics. Electrical Engineering, Vol. 
71, No. 12, December, 1952, pp. 1132 
1135. 1 reference. A.I.E.E. Subcommit- 
tee report. 

Variation in the Dielectric Breakdown of 
Paper. Paul Cloke and K. K. Khandel- 
wal. Electrical Engineering, Vol. 72, No. 
2, February, 1952, p. 157, illus. 
ence. 

Design of Low-Frequency Constant 
Time Delay Lines. C. M. Wallis. Electri- 
cal Engineering, Vol. 71, No. 12, Decem- 
ber, 1952, p. 1123, illus. 2 references. 

A Highly Stable Variable Time-Delay 
System. Y. P. Yu. Institute of Radio 
Engineers, Proceedings, Vol. 41, No. 2, 
February, 1958, pp. 228-235, illus. & 
references. 

Exact Amplitude Frequency Charac- 
teristics of Ladder Networks. E. Green. 
Marconi Review, Vol. 16, No. 108, Ist 
Quarter, 1953, pp. 25-68, illus. 20 refer- 
ences. 

Network Alignment Technique. John 
G. Linvill. Institute of Radio Engineers, 
Proceedings, Vol. 41, No. 2, February, 
1953, pp. 290-298, illus. 

Network Analysis by Repeated Voltage 
Superposition. J. E. Parton. Electronic 
Engineering, Vol. 24, No. 298, December, 
1952, pp. 570-574, illus. 16 references. 


1 refer- 
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On the Approximation Problem in Net- 
work Synthesis. Aaron D. Bresler. /n- 
stitute of Radio Engineers, Proceedings, 
Vol. 40, No. 12, December, 1952, pp. 1724- 
1728, illus. 4 references. 

The Parallel-T Resistance - Capaci- 
tance Network. Laurence G. Cowles. 
Institute of Radio Engineers, Proceedings, 
Vol. 40, No. 12, December, 1952, pp. 1712- 
1717, illus. 5 references. 

Resistance-Capacitance Networks with 
Over-Unity Gain. W. Bacon and D. P. 
Salmon. Wireless Engineer, Vol. 30, No. 1, 
January, 1953, pp. 20-28, illus. 2 refer- 
ences. 

Synthesis of Cascaded Three-Terminal 
RC Networks with Minimum-Phase 
Transfer Functions. P. F. Ordung, F. 
Hopkins, H. L. Krauss, and E. L. Spar- 
rows. Institute of Radio Engineers, Pro- 
ceedings, Vol. 40, No. 12, December, 1952, 
pp. 1717-1728, illus. 9 references. 

Analysis and Performance of Locket- 
Oscillator Frequency Dividers Employing 
Nonlinear Elements. William L. Hughes. 
Institute of Radio Engineers, Proceedings, 
Vol. 40, No. 2, February, 1953, pp. 241- 
245, illus. 3 references. 

A High Voltage High Speed Square 
Wave Surge Generator. D. H. Goodman, 
D. H. Sloan, and E. Trau. Review of Sci- 
entific Instruments, Vol. 23, No. 12, De- 
cember, 1952, pp. 766, 767, illus. 3 refer- 
ences. 

A Highly Stable Microwave Oscillator 
and its Application to the Measurement of 
the Spatial Variations of Refractive Index 
in the Atmosphere. L. Essen. (J/.E.E., 
Radio Section, Paper No. 1422.) Institution 
of Electrical Engineers, Proceedings, Part 
IIT, Radio and Communication Engineering, 
Vol. 100, No. 63, January, 1953, pp. 19-24, 
illus. 10 references. 

A Method of Analysis of Fundamental 
and Overtone Crystal-Oscillator Circuits. 
F. G. R. Rockstuhl. (J.E.E., Radio Sec- 
tion, Paper No. 1390.) Institution of Elec- 
trical Engineers, Proceedings, Part III, 
Radio and Communication Engineering, 
Vol. 99, No. 62, November, 1952, pp. 
377-388, illus. 4 references. 

Methods for Calibrating Standard- 
Signal Generators. Gustavus A. Morgan, 
Jr. U.S., Naval Research Laboratory, Re- 
port No. 3821, June 11, 1951. 27 pp., 
illus. 9 references 

Multiple-Feedback Oscillators.  Elec- 
tronics, Vol. 26, No. 1, January, 1953, pp. 
200-208, illus. 1 reference. 

Signal Generator System for Low Out- 
put Levels. Jack W. Herbstreit. Elec- 
tronics, Vol. 26, No. 1, January, 1953, pp. 
218-224, illus. 2 references. 

Precision Transistor Oscillator. U.S. 
National Bureau of Standards, Summary 

Technical Report No. 1745, January, 1953. 
5 pp., illus. 1 reference. (Also in Tech- 
nical‘News Bulletin, Vol. 37, No. 2, Febru- 
ary, 1953, pp. 17-19.) 

Transistor Oscillators. Edwin A. Oser, 
Richard O. Enders, and Raymond P. 
Moore, Jr. RCA Review, Vol. 13, No. 3, 
September, 1952, pp. 369-385, illus. 17 
references. Circuit analysis. 

Germanium Transistors. John S. Saby. 
General Electric Review, Vol. 55, No. 5, 
September, 1952, pp. 21-24, 60, illus. 
Basic principles. 
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High-Frequency Transistor Tetrode. 
R. L. Wallace, Jr., L. G. Schimpf, and 
E. Dickten. Electronics, Vol. 26, No. 1, 
January, 1953, pp. 112, 1138, illus. 1 
reference. 

Recent Developments in Transistor 
Electronics. W. Schockley. Institution 
of Electrical Engineers, Proceedings, Part 
III, Radio and Communication Engineer- 
ing, Vol. 100, No. 63, January, 1953, pp. 
36-38. 

Reverse Characteristics of High Inverse 
Voltage Point Contact Germanium Recti- 
fiers. J. H. Simpson and H. L. Armstrong. 
Journal of Applied Physics, Vol. 24, No. 1, 
January, 1953, pp. 25-34, illus. 12 refer- 
ences. 

Surface Properties of Germanium. 
Walter H. Brattain and John Bardeen. 
Bell System Technical Journal, Vol. 32, 
No. 1, January, 1953, pp. 1-41, illus. 8 
references. 

Survey of Transistor Development. 
II. B. N. Slade. Radio & Television 
News, Vol. 48, No. 5, November, 1952, pp 
68, 69, illus. 4 references. 

The Transistor in Simple Circuits. Wil- 
liam H. Minor. Radio & Television News, 
Radio-Electronic Engineering Section, Vol. 
48, No. 6, December, 1952, pp. 14-16, 25, 
illus. 

Transistors. I—Introductory Survey of 
Recent Developments. Thomas Roddam. 
Wireless World, Vol. 59, No. 2, February, 
1953, pp. 70-78, illus. 1 reference. 


Electronic Controls 


Changing the Phase of a Low Fre- 
quency Sinusoid. P. Huggins. Electronic 
Engineering, Vol. 24, No. 296, October, 
1952, pp. 462-464, illus. 6 references. 

Frequency-Response Analysis for In- 
dustrial Automatic-Control Systems. D. 
W. St. Clair, W. F. Coombs, Jr.,and W. D. 
Owens. American Society of Mechanical 
Engineers, Transactions, Vol. 74, No. 7, 
October, 1952, pp. 11383-1147; Discussion, 
pp. 1147-1150, illus. 17 references. 

Frequency-Shift Carrier-Current Equip- 
ment for Telemetering and Other Control 
Functions. R. W. Beckwith. Electrical 
Engineering, Vol. 71, No. 11, November, 
1952, pp. 1026-1031, illus. 14 references. 

Radio-Controlled Jet Plane; Propor- 
tional Control on Four Channels. Wéire- 
less World, Vol. 58, No. 12, December, 
1952, p. 489, illus. Low-Speed Aero- 
dynamics Research Association’s rocket- 
propelled delta-wing mock-up model air- 
craft. 

Signal Component Control. D. J. 
Gimpel and J. F. Calvert. Electrical Engi- 
neering, Vol. 72, No. 1, January, 1953, p. 
49, illus. 

Thermal Relays Control Heater Voltage. 
C. D. Geer and W. C. Broekhuyser. Elec- 
tronics, Vol. 26, No. 1, January, 1953, pp. 
166-182, illus. 

The Transbooster; An Improved 
Method of Rectifier Voltage Control. 
A. H. B. Walker. Electronic Engineering, 
Vol. 24, No. 298, December, 1952, pp. 
546-550, illus. 


Electronic Tubes 


Electronic Filter Choke. Robert B. 
Tomer. Radio & Television News, Radio- 
Electronic Engineering Section, Vol. 48, 
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Eliminate 


of failure! 


As airplanes become increas- 
ingly complex, reach higher 
altitudes and greater speeds, one 
fact becomes unmistakable: 

We must eliminate chances of 
failure. Assuming like the 
reckless motorist that we can 
make it, won't do in the air. 


Meletron pressure actuated 
switches insure reliable 
operation of controls and 
warning circuits. These 
instruments have an enviable 


There is available today, from performance record. Today 
this single source, a pressure were 
actuated switch for every they are accepted by every 
requirement from zero absolute 


ajor aircraft manufacturer 
to 12,000 psi gauge 


950 NORTH HIGHLAND AVENUE, LOS ANGELES 38, CALIFORNIA 


J.M. WALTHEW CO., Boeing Field, Seattle. THOMSON 
ENGINEERING SERVICE, 708 Hemphill St., Fort Worth 


Ltd., Montreal Airport, Dorval, Canada. W. M. HICKS 
& J. A. KEENETH, 29-27 41st Ave., Long Island City, 
New York. JOSEPH C. SORAGHAN & ASSOCIATES, 
1612 Eye St., Northwest, Washington 6, D.C, 
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No. 6, December, 1952, pp. 11, 20, 21, illus 
A series-connected pentode to reduce 
power supply ripple. 

New Developments in Traveling-Wave 
Tubes. W. J. Dodds, R. W. Peter, and 
S. F. Kaisel. Electronics, Vol. 26, No. 2, 
February, 1953, pp. 1380-133, illus } 
references. 

The Noise of Electronic Valves at Very 
High Frequencies. I—The Diode. G 
Diemer and K.S. Knol. Philips Technical 
Review, Vol. 14, No. 6, December, 1952, 
pp. 153-164, illus. 12 references. 

On Extending the Operating Voltage 
Range of Electron-Tube Heaters. Jerome 
Kurshan. RCA Review, Vol. 13, No. 3, 
September, 1952, pp. 300-322, illus. 19 
references 

Planar Triode Frequency Multiplier for 
UHF. H. R. Holloway, O. Saalborn, and 
H. B. Briskin Tele-Tech, Vol. 12, No. 2, 
February, 1953, pp. 84, 85, 153-155, illus 
1 reference. Type 5768. 

Potential Distribution for Space-Charge 
Limited Current between a Plane Ac- 
celerating Grid and Parallel Anode. E. G 
Ramberg and L. Malter. Journal of Ap 
plied Physics, Vol. 23, No. 12, December, 
1952, pp. 13833-1335, illus. 2 references 

Remodulation in Electron Multiplier 
Cascades. Heinz E. Kallmann. Jnstitute 
of Radio Engineers, Proceedings, Vol. 41, 
No. 2, February, 1953, pp. 282, 283, illus 
1 reference 

Saturated-Diode Operation of Mini- 
ature Valves. V.H. Attree. Electronic 
Engineering, Vol. 25, No. 299, January, 
1953, pp. 27-29, illus. 7 references. 

Shielding and Mounting Effects on 
Tube Bulb Temperatures. Irving E 
Levy. Tele-Tech, Vol. 12, No. 2, Febru 
ary, 1953, pp. 72, 73, 159-163, illus. 2 
references. Miniature-tube requirements 

Two Notes on the Performance of 
Rectifier Modulators. I—The Input Im- 
pedance of Rectifier Modulators with 
Frequency-Selective Terminations. II 
Carrier-Leak Control in Rectifier Modula- 
tors by the Use of a D. C. Meter. D.G 
Tucker. (/.E.E., Radio Section, Paper No 
1384.) Institution of Electrical Engineers, 
Proceedings, Part III, Radio and Com 
munication Engineering, Vol. 99, No. 62, 
November, 1952, pp. 400-404, illus. 2 
references, 

Bariated Tungsten Emitters. Ray C 
Hughes and Patrick P. Coppola. Journal! 
of Applied Physics, Vol. 23, No. 11, No 
vember, 1952, pp. 1261, 1262, illus. 3 
references. Method of construction; prop 
erties, 

Photoconductivity Study of Activation 
of Barium Oxide. Henry B. DeVore 
RCA Review, Vol. 13, No. 4, December, 
1952, pp. 453-463, illus. 8 references 

Studies of the Oxide Cathode. L. 5S 
Nergaard. RCA Review, Vol. 13, No. 4, 
December, 1952, pp. 464-545, illus. 60 
references 

Thermionic Emission from Oxide- 
Coated Tungsten Filaments. C. P. 
Hadley. Journal of Applied Physics 
Vol. 24, No. 1, January, 1953, pp. 49-52, 
illus. 7 references. 

Cathode-Ray Tube Plots Transistor 
Curves. J. Kurshaw, R. D. Lohman, and 
G. B. Herzog. Electronics, Vol. 26, No. 2, 
February, 1953, pp. 122-127, illus. 
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High Voltage Oscillographic Tubes. 
E. L. White. Electronics Forum, No. 26, 
June, 1952, pp. 3-25, illus. 11 references 

Stabilization of Photomultiplier Tubes. 
R. Sherr and J. B. Gerhart. Review of 
Scientific Instruments, Vol. 23, No. 12, 
December, 1952, pp. 770-772, illus. 1 
reference. 

Storage Cathode-Ray Tube; Electro- 
static ‘‘Memory’’ System for Digital 
Computing Machines. L. S. Allard. 
Wireless World, Vol. 59, No. 2, February, 
1953, pp. 95, 96, illus. 2 references. 

A Ten-Stage Cold-Cathode Stepping 
Tube. D.S. Peck. Electrical Engineering, 
Vol. 71, No. 12, December, 1953, pp. 1136 
1139, illus. 1 reference. 

Effect of Filament Voltage on the Plate 
Current of a Diode. Henry F. Ivey 
Journal of Applied Physics, Vol. 23, No. 
11, November, 1952, pp. 1254-1256, illus. 
3 references. 

Improved Stabilization from a Voltage- 
Regulator Tube. M. D. Armitage. Elec- 
tronic Engineering, Vol. 24, No. 298, De- 
cember, 1952, pp. 568, 569, illus. 3 
references 

A Study of the Characteristics of Glow- 
Discharge Voltage-Regulator Tubes. II. 
F. A. Benson Electronic Engineering, 
Vol. 24, No. 296, October, 1952, pp. 456 
460, illus. 5 references 
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Diode Valve Voltmeter Errors. G. D. 
Morgan. Electronic Engineering, Vol. 24, 
No. 298, December, 1952, pp. 575-577 
illus. 3 references. 

A Direct Current Microampere Integra- 
tor. Royal N. Schweiger Review of 
Scientific Instruments, Vol. 23, No. 12, 
December, 1952, pp. 735-738, illus. 5 
references 

An Instrument for Dielectric Measure- 
ments in the Frequency Range 100-300 
Mc/s. D. L. Hollway and G. J. A. Cas- 
sidy. (1.E.E., Measurements Section, 
Paper No. 1371.) Institution of Electrical 
Engineers, Proceedings, Part III, Radio 
and Communication Engineering, Vol. 99, 
No. 62, November, 1952, pp. 364-372, 
illus. 12 references. Used in the Division 
of Electrotechnology of the National 
Standards Laboratory, Australia. 

Measuring Minute Capacitance 
Changes. George W. Cook. Electronics, 
Vol. 26, No. 1, January, 1953, pp. 105 
107, illus. 

A New Comparison Bridge for the Rapid 
Testing of Components. General Radio 
Experimenter, Vol. 27, No. 7, December, 
1952, pp. 1-7, illus. 

Non-Linearity in a Voltmeter Using 
Cathode-Follower and Thermocouple. 
D. G. Tucker. Journal of Scientific In- 
struments, Vol. 30, No. 1, January, 1958, 
pp. 11-13, illus. 1 reference. 

A  Quadrature-Phase-Shift Voltage 
Transformer Device. R. L. Hupp and 
F. W. Suhr. Electrical Engineering; Vol 
72, No. 1, January, 1953, p. 42, illus. 1 
reference. 

A Rotating Coil Fluxmeter. M. S. 
Wills. Journal of Scientific Instruments, 
Vol. 29, No. 11, November, 1952, pp. 374- 
376, illus. 7 references. 

Theory of the Vibrating Condenser 
Converter and Application to Contact 
Potential Measurement. J. R. Anderson 
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and A, E, Alexander. Australian Journal 
of Applied Science, Vol. 3, No. 3, Septem- 
ber, 1952, pp. 201-209, illus. 7 references. 

Units and Standards of Electrical 
Measurement; A Review of Progress. 
L. Hartshorn. (/.E.E., Paper No. 1403.) 
Institution of Electrical Engineers, Pro- 
ceedings, Part I, General, Vol. 99, No. 120, 
November, 1952, pp. 271-279, illus. 46 
references. 

Wide Range Frequency Calibration. 
J. F. Sterner. Radio & Television News, 
Radio-Electronic Engineering Section, Vol. 
49, No. 1, January, 1953, pp. 12, 13, 31, 
illus. 

An Automatic Charge Measuring and 
Recording Apparatus. G. R. Feaster, 
F. W. Prosser, and G. G. Wiseman. Re- 
view of Scientific Instruments, Vol. 23, No. 
12, December, 1952, pp. 763, 764, illus. 
2 references. 

A Combined Timer and Cycle Counter. 
P. Huggins. Electronic Engineering, Vol. 
24, No. 298, December, 1952, pp. 578, 579, 
illus. 2 references. 

Counting Pulses of Various Forms and 
Occurrence Intervals by Electronic 
Counters. N. F. Roberts and L. T. Wil- 
son. Australian Journal of Applied Sci- 
ence, Vol. 3, No. 4, December, 1952, pp 
263-276, illus. 3 references 

A Dekatron C.R.O. Time Marker. 
J. H. L. McAuslan. Electronic Engineer- 
ing, Vol. 25, No. 298, December, 1952, pp. 
567, 568, illus. 

An Electronic Square-Law Circuit for 
Use with a Graphic Recorder. M. J. 
Tucker. Electronic Engineering, Vol. 24, 
No. 296, October, 1952, pp. 466-468, illus. 
6 references. 

Instantaneous Measurement of a Vary- 
ing Frequency. L. U. Hibbard and D. E. 
Caro. Journal of Scientific Instruments, 
Vol. 29, No. 11, November, 1952, pp. 366 
370, illus. 

The Microwave Interferometer; Highly 
Accurate K-Band Instrument Employs 
Doppler Radar Technique to Provide 
Continuous Record for Ballistic Measure- 
ments. H.C. Hanks, Jr. Tele-Tech., Vol. 
12, No. 2, February, 1953, pp. 86-88, 102 
110, illus. 

Precision Measurements with a 
Cathode-Ray Oscilloscope. George 
Robinson and Roland Van Allen. Review 
of Scientific Instruments, Vol. 23, No. 12, 
December, 1952, pp. 701-706, illus. 2 
references. 

Electronic Failure Prediction. James 
H. Muncy. Tele-Tech, Vol. 12, No. 2, 
February, 1953, pp. 76, 77, illus. 

Prediction of Electronic Failures. 
Franklin Institute, Journal, Vol. 255, No. 2, 
February, 1953, pp. 140-148. (Also in 
Electronics, Vol. 26, No. 2, February, 
1953, pp. 180-189.) National Bureau of 
Standards-developed technique 

The Determination of Impedance with 
a Double-Slug Transformer. R. C. 
Ellenwood and E. H. Hurlburt. Institute 
of Radio Engineers, Proceedings, Vol. 40, 
No. 12, December, 1952, pp. 1690-1693, 
illus. 7 references. 

High Impedance VTVM. F. R. Bradley 
and R. D. McCoy. Tele-Tech, Vol. 12, 
No. 2, February, 1953, pp. 96, 141, illus. 

Impedance-Measuring Equipment for 
the 50-500 Mc/s Range. J. E. Houldin. 
(1.E.E., Radio Section, Paper No. 1392.) 
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Institution of Electrical Engineers, Proceed- 
ings, Part III, Radio and Communication 
Engineering, Vol. 99, No. 62, November, 
1952, pp. 389-399, illus. 2 references. 

A Method of Measuring the Magnetic 
Permeability of Rod Specimens. H. 
Aspden. Journal of Scientific Instruments, 
Vol. 29, No. 11, November, 1952, pp. 371- 
374, illus. 

Strain Gage Transducers for Measure- 
ment and Control. R. J. Fyffe and A. 
Arobone. Product Engineering, Vol. 23, 
No. 11, November, 1952, pp. 121-148, 
illus. 

ASA Transformer Standards C57.22; 
Temperature Rise Tests on Transformers. 
Electrical Engineering, Vol. 72, No. 1, 
January, 1953, pp. 70-74. Revisions pro- 
posed by A.I.E.E. 

The Design of a Direct-Reading Ther- 
mistor Bridge with Temperature Com- 
pensation. R. M. Pearson and F. A. 
Benson. Electronic Engineering, Vol. 25, 
No. 300, February, 1953, pp. 51-57, illus. 
3 references. 

Re-examination of Temperature Stand- 
ards for Electrical Insulation. G. L. 
Moses. Electrical Engineering, Vol. 71, 
No. 11, November, 1953, pp. 1021-1023, 
illus. 12 references. 

A Thermocouple A.F. Wattmeter. J. D. 
Ryder and M.S. McVay. Radio & Tele- 
vision News, Radio-Electronic Engineering 
Section, Vol. 49, No. 2, February, 1953, 
pp. 6, 7, 20, illus. 


Noise & Interference 


Aircraft Radio Interference Measure- 
ments. M.M. Newman, R. C. Schwantes, 
and J. R. Stahmann. Electrical Engineer- 
ing, Vol. 72, No. 1, January, 1953, pp. 
36-40, illus. 

Correlation Versus Linear Transforms. 
Marcel J. E. Golay. Jnstitute of Radio 
Engineers, Proceedings, Vol. 41, No. 2, 
February, 1953, pp. 268-271. Approaches 
to the problems of the submergence of 
wanted data in noise. 

Excess Thermal Noise due to Current 
Flow Through (BaSr) Oxide Coating. 
K. Amakasu. Journal of Applied Physics, 
Vol. 23, No. 12, December, 1952, pp. 
1330-1382, illus. 

Low-Noise Traveling-Wave Amplifier. 
R. W. Peter. RCA Review, Vol. 13, No. 3, 
September, 1953, pp. 344-368, illus. 19 
references. 

A New Method of Calculating Micro- 
wave Noise in Electron Streams. J. R. 
Pierce. Institute of Radio Engineers, Pro- 
ceedings, Vol. 40, No. 12, December, 1952 
pp. 1675-1680, illus. 6 references. 

Noise Comparator for Microwaves. 
J. J. Freeman. Radio & Television News, 
Radio-Electronic Engineering Section, Vol. 
49, No. 3, March, 1953, pp. 11, 48, 49, 
illus. 1 reference. Model used at Na- 
tional Bureau of Standards. 

Noise in Transistor Amplifiers. Edward 
Keonjian and Johannes §. Schaffner. 
Electronics, Vol. 26, No. 2, February, 1953, 
pp. 104-107, illus. 2 references. : 

The Ogiver; A Radio Noise Meter. 
A. W. Sullivan. Radio & Television News, 
Radio-Electronic Engineering Section, Vol. 
48, No. 6, December, 1952, pp. 3-5, illus 
2 references. 
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AMERICAN ELECTRIC 


Weigh oly 
ya deliver 


POWERHOUSE 
PERFORMANCE 
Moft or Aground! 


MODEL 201 
Hysteresis Type 
Synchronous Drive Motor 


MODEL 228 


Induction Drive Motor 


MODEL 300 


Reluctance Type 
Synchronous Drive Motor 


Need low weight for mechanization of 
airborne gear... want unusual compact- 
ness for ground equipment? AMERICAN 
ELEcTRIC can provide the drive motor to 
fit your specialized requirements. 

These miniatures are built as small as 
1.45 inches in diameter...Even the “big 
boys” measure only 3°44 inches across! 
Yet with all their diminutive size and 
weight AMERICAN ELectric Miniatures 
are regular “power-houses” in their field 
... designed to utilize all magnetic mate- 
rials to the ultimate, thus reducing useless, 
“no-pay” weight to an absolute minimum! 


MODEL 168 


Propeller Fan 


MODEL 182A 


Axial Flow Fan 


No design compromises—AMERICAN 
Exvecrnic offers the greatest range of pro- 
duction and prototype models available 
today! Let AMERICAN ELECTRIC quote 
on your miniature motor requirements, 
Write, wire or phone today! 


MODEL 219 
Single Ended 
Motor-Blower 


TWO MINIATURE DRIVE MOTOR TYPES 


Induction Motors—Ouvutput torque range: \/2 in. oz. 
to 120 in. oz. 


Synchronous Motors—Output torque range: .0} in. 
oz. to 10 in. oz. in both Hysteresis and Reluctance 
types. 


TWO MINIATURE COOLING TYPES 
Centrifugal Blowers 


Propeller Fans 


MODEL 220 
Double Ended 
Motor-Blower 


Manufacturers also of 
HIGH FREQUENCY 
POWER SUPPLIES 
Inductor - Alternator 
type, 500 Watts to 
75 KVA output. Port- 
able, Semi-Portable 
and Stationary Types. 


4811 Telegraph Read, 
Los Angeles 22, 
California 


MERICAN 


TRADE MARK 


MAY, 1953 


On the Relation between the Conduct- 
ance and the Noise Power Spectrum of 
Certain Electronic Streams. J. J. Fre: 
man. Journal of Applied Physics, Vol 
23, No. 11, November, 1952, pp. 1223 
1225, illus. 6 references. 


Transmission Lines 


Coaxial Transmission-Line Filters. 
Douglas E. Mode. Institute of Rad 
Engineers, Proceedings, Vol. 40, No. 12 
December, 1952, pp. 1706-1711, illus 
references 

Effect of Radiation on Resonant Lines. 
R. A. Chipman. Electronics, Vol. 26, No 
1, January, 1953, pp. 133-135, illus 
references 

Fixed-Length Transmission Lines as 
Circuit Elements. Alan A. Meyerhoff and 
Robert Graham, Jr. Institute of Radi 
Engineers, Proceedings, Vol. 41, No. 2, 
February, 1953, pp. 262-268, illus. 

Lumped Reflector Parameters for Two- 
Group Reactor Calculations. Daniel 
Fieno, Harold Schneider, and Robert B 
Spooner U.S.,  N.A.C.A., Research 
Memorandum No. E52H01, September 
26,1952. 25 pp., illus. 2 references 

The Optimum Piston Position for Wide- 
Band Coaxial-to-Waveguide Transducers. 
W.W. Mumford. Institute of Radio Engi 
neers, Proceedings, Vol. 41, No. 2, Febru 
ary, 1953, pp. 256-261, illus. 4 references 

Theory of the Single-Wire Transmis- 
sion Line. T. E. Roberts, Jr. Journal of 
Applied Physics, Vol. 24, No. 1, January, 
1953, pp. 57-67, illus. 138 references 
(Based on a Ph.D. thesis. ) 

Microstrip—_A New Transmission Tech- 
nique for the Kilomegacycle Range. 
D. D. Grieg and H. F. Engelmann. Jnsti 
tute of Radio Engineers, Proceedings, Vol 
40, No. 12, December, 1952, pp. 1644 
1650, illus. 10 references. 

Microstrip Components. J. A. Kostriza 
Institute of Radio Engineers, Proceedings, 
Vol. 40, No. 12, December, 1952, pp. 1658 
1663, illus. 8 references. 

Simplified Theory of Microstrip Trans- 
mission Systems. F. Assadourian and 
E. Rimai. Institute of Radio Engineers, 
Proceedings, Vol. 40, No. 12, December, 
1952, pp. 1651-1657, illus. 5 references 


Wave Propagation 


Attentuation of Wire Helices in Dielec- 
tric Supports. R. W. Peter, J. A. Ruetz, 
and A. B. Olson. RCA Review, Vol. 13, 
No. 4, December, 1952, pp. 558-572, illus 
6 references 

Diffraction of a Shock or an Electro- 
magnetic Pulse by a Right-Angled Wedge. 
Joseph B. Keller. Journal of Applied 
Physics, Vol. 23, No. 11, November, 1952, 
pp. 1267, 1268, illus. 4 references 

Diffraction Patterns in Circular Aper- 
tures Less than One Wavelength in 
Diameter. H. L. Robinson. Journal of 
Applied Physics, Vol. 24, No. 1, January, 
1953, pp. 35-88, illus. 4 references 

The Launching of Electromagnetic 
Waves on a Cylindrical Conductor. R. B 
Dyott. (J.E.E., Radio Section, Paper No 
1374.) Institution of Electrical Engineers, 
Proceedings, Part III, Radio and Com 
munication Engineering, Vol. 99, No. 62, 
November, 1952, pp. 408-413, illus. 7 
references 
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A Photomechanical Wave Analyser for 
Fourier Analysis of Transient Waveforms. 
T. B. Whiteley and L. R. Alldredge. 
Journal of Scientific Instruments, Vol. 29, 
No. 11, November, 1952, pp. 358-362, 
illus. 2 references 

The Propagation of a Radio Atmos- 
pheric. II. K.G. Budden. Philosophical 
Vagazine, Vol. 43 (7th Series), No. 346, 
November, 1952, pp. 1179-1200, illus. 15 
references 

Radiation from a Horizontal Dipole in a 
Semi-Infinite Dissipative Medium. Roy 
Harold Lien. Journal of Applied Physics, 
Vol. 24, No. 1, January, 1953, pp. 1-4 
illus. 6 references. 

The Reflexion of a Spherical Acoustic 
Pulse by an Absorbent Infinite Plane and 
Related Problems. P. E. Doak. Royal 
Society (London), Proceedings, Series A, 
Mathematical and Physical Sciences, Vol. 
215, No. 1121, November 25, 1952, pp 
233-254, illus 6 references. 
integral solution; applications. 

Statistical Fluctuations of Radio Field 
Strength Far Beyond the Horizon. S. O 
Rice. Institute of Radio Engineers, Pro- 
ceedings, Vol. 41, No. 2, February, 1953, 
pp. 274-281, illus. 8 references. 

The Theory of the Limiting Polarization 
of Radio Waves Reflected from the 
Ionosphere. K. G. Budden. Royal 
Society (London), Proceedings, Series A, 
Mathematical and Physical Sciences, Vol 
215, No. 1121, November 25, 1952, pp 
215-288, illus. 10 references 

Waves and Fluctuations. E. C. § 
Megaw. (J.E.E., Radio Section, Chair- 
man’s Address.) Institution of Electrical 
Engineers, Proceedings, Part III, Radio 
and Communication Engineering, Vol. 100, 
No. 63, January, 1953, pp. 1-8, illus. 14 
references 

A Comparison of CW Field Intensity 
and Backscatter Delay. W. L. Hartsfield 
and R. Silberstein (U.S., National 
Bureau of Standards, Report No. 1297, 
November, 16, 1951.) Institute of Radio 
Engineers, Proceedings, Vol. 40, No. 12, 
December, 1952, pp. 1700-1706, illus. 14 
references 

The Scattering of Radio Waves by 
Meteorological Particles. N. R. Labrum 
Journal of Applied Physics, Vol. 23, No 
12, December, 1952, pp. 1324-1330, illus 
14 references. 

Some Experiments on Centimeter- 
Wavelength Scattering by Small Obsta- 
cles. N.R.Labrum. Journal of Applied 
Physics, Vol. 23, No. 12, December, 1952, 
pp. 1320-1328, illus. 6 references. 


Formal 


Equipment 
Electric 


Cooling Rotating Aircraft Electric Equip- 
ment. C.G. Martin. Electrical Engineer- 
ing, Vol. 71, No. 12, December, 1953, p 
1112, illus 

Discussion on ‘‘The Development of the 
Electrical System on the Bristol Brabazon 
I Mark I Aircraft’? by M. J. J. Cronin. 
Institution of Electrical Engineers, Proceed- 
ings, Part I, General, Vol. 99, No. 120, 
November, 1952, pp. 285, 286 

The Electrical Generating System of the 
Britannia. G. G. Wakefield. Society of 
Licensed Aircraft Engineers (Incorporating 
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REVIEWS 


The Technical Instructor), Journal, Vol. 2, 
No. 1, January, 1953, pp. 3-18, illus. 

Focusing of Naval Aircraft Searchlights. 
U.S., National Bureau of Standards, Sum- 
mary Technical Report No. 1715, October, 
1952. Spp. 

Rotating Electrical Machinery; A Re- 
view of Progress. W.N. Kilner. (/.E.E., 
Paper No. 1369.) Institution of Electrical 
Engineers, Proceedings, Part I, General, 
Vol. 99, No. 120, November, 1952, pp. 
280-285. 1 reference 


Hydraulic 


Cavitation Mechanics and its Relation 
to the Design of Hydraulic Equipment. 
Robert T. Knapp. Institution of Mechani- 
cal Engineers, Proceedings (A), Vol. 166, 
No. 2, 1952, pp. 150-168, illus 
ences. 


13 refer- 


Flight Operating Problems 


The Approach to Land. D. A. Brice. 
Aeronautics, Vol. 27, No. 5, December, 
1952, pp. 24-29, illus. Comparison be- 
tween London Airport and Idlewild pilot- 
ing methods. 


Ice Prevention & Removal 


Electrically Heated Aircraft Wind- 
screens. J. H. Milsum. Canada, Na- 
tional Aeronautical Establishment, Labora- 
tory Report No. L R-43, December 18, 1952. 
16 pp., illus. 8 references. 

Energiebedarf zur Verhiitung von Ver- 
eisungen an Freileitungen. (Energy Re- 
quirement for the Prevention of Icing on 
Exposed Cables.) Thomas Brunner. 
Zeitschrift fiir angewandte Mathematik und 
Physik, Vol. 4, January 15, 1953, pp. 24- 
34, illus. 7 references. In German. 
Wind-tunnel experiment on an electrically 
heated cylindrical rod exposed to various 
meteorological conditions 

Preliminary Investigation of Cyclic 
De-Icing of an Airfoil Using an External 
Electric Heater. James P. Lewis and 
Dean T. Bowden. U.S., N.A.C.A., Re- 
search Memorandum No. E51J30, Febru- 
ary 4, 1952. 43 pp., illus. 12 references. 

British European Airways Icing Trials. 
Derek Mason. Shell Aviation News, No. 
171, September, 1952, pp. 4-9, illus. Sur- 
vey of deicing research. 

De-icing and Anti-icing Installations: 
Guarding the Propeller and Engine. Basil 
Jackson. Canadian Aviation, Vol. 26, No. 
1, January, 1953, pp. 26, 27, 57, illus. 


Noise Reduction 


Acoustic Screening by an Experimental 
Running-up Pen. J. D. Hayhurst. 
Royal Aeronautical Society, Jeurnal, Vol. 
57, No. 505, January, 1953, pp. 3-11, 
illus. 3 references. 

Noise; A Problem in Air Transport and 
in Ground Operation. James E. Lett 
Aeronautical Engineering Review, Vol. 12, 
No. 4, April, 1953, pp. 65-68, illus. 2 
references. 

Theoretical and Measured Attenuation 
of Mufflers at Room Temperature Without 
Flow, with Comments on Engine-Exhaust 
Muffler Design. Don D. Davis, Jr., 
George L. Stevens, Jr., Dewey Moore, and 
George M. Stokes. U.S., N.A.C.A., Tech- 


nical Note No. 2893, February, 1953. 111 
pp., illus. 12 references. 


Flight Safety & Rescue 


Aircraft Crash Rescue Problems. 
George H. Tyron, III. National Fire 
Protection Association, Aviation Bulletin 
No. 82, April 24, 1952. 16 pp., illus. 33 
references. 

Crash Protection in Air Transports. 
John P. Stapp. Aeronautical Engineering 
Review, Vol. 12, No. 4, April, 1953, pp. 
71-78, illus. 18 references. 

Ditching Tests on a '/,-Size Model of 
the Fokker S-13 Crew Trainer. J. F. 
Hengeveld. Netherlands, Nationaal Lucht- 
vaartlaboratorium, Amsterdam, Report No. 
A.1238 ( Reports and Transactions, Vol. 16, 
pp. A43-A56), 1951. 13 pp., illus. 


Fuels & Lubricants 


Absorption and Humidification. R. L. 
Pigford. Industrial and Engineering 
Chemistry, Vol. 45, No. 1, January, 1953, 
pp. 19-23, illus. 41 references. Evalua- 
tion of present status of equipment and 
techniques. 

Effect of Alkyl Substitution on Anti- 
oxidant Properties of Phenols. J. I. 
Wasson and W. M. Smith. Industrial 
and Engineering Chemistry, Vol. 45, No. 1, 
January, 1953, pp. 197-200, illus. 7 refer- 
ences. 

The Effect of Surface Active Agents on 
Petroleum Fuels. F.G. Kitson. Canada, 
National Aeronautical Establishment, Lab- 
oratory Report No. LR-5, July 18, 1951. 
8 pp., illus. 10 references. 

Emission Spectra on Autoignited Hep- 
tane-Air Mixtures. W. J. Levedahl and 
H. P. Broida. Analytical Chemistry, Vol. 
24, No. 11, November, 1952, pp. 1776- 
1780, illus. 22 references. Experiments 
on explosive knock reaction in an internal 
combustion engine. 

The Inhibiting Effect of Lead Tetra- 
ethyl. I—The Effect of Lead Compounds 
on the Vapour Phase Slow Oxidation of 
Diisopropyl Ether and on the Ignition of 
Diethyl Ether. G. H. N. Chamberlain 
and A. D. Walsh. Il—The Effect of Lead 
Monoxide on the Slow Oxidation of 
Methane. D. E. Hoare and A. D. Walsh. 
Royal Society (London), Proceedings, Series 
A, Mathematical and Physical Sciences, 
Vol. 215, Nos. 1121, 1123, November 25, 
December 22, 1952, pp. 175-186; 454-466, 
illus. 70 references. 

Isomerization of Saturated Hydrocar- 
bons in Presence of Hydrogenation- 
Cracking Catalysts. I—Normal Hexane. 
II—Normal Pentane, Isohexanes, Hep- 
tanes, and Octanes. F. G. Ciapetta and 
J. B. Hunter. IlI—Cycloalkanes. IV 
Nature of the Catalyst and Mechanism of 
the Reaction. F. G. Ciapetta. IJndus- 
trial and Engineering Chemistry, Vol. 45, 
No. 1, January, 1953, pp. 147-165, illus. 
49 references. 

Nonhydrocarbon Constituents of Petro- 
leum. Analytical Chemistry, Vol. 24, No. 
11, November, 1952, pp. 1728-1768, illus 
138 references. Symposium presented at 
American Chemical Society, Division of 
Petroleum Chemistry, 12lst Meeting, 
Milwaukee, March 30—April 3, 1952. 


173 

| 
} 

s. 

h- 

e. 

} 

Q 

lS- 

c- 

t7 

ul 

ro- 

52 

er- 

in 

ry 

tic 

B 

\ 

62 


AERONAUTICAL ENGINEERING REVIEW 


eee @ precision industry 


To serve this great industry 
a manufacturer must maintain the best and 
most modern equipment available, operate 

it with skilled craftsmen, and use every 

existing method of tightening specifications 

and cutting production costs. Indiana Gear 

is such a manufacturer—a company 

of craftsmen producing fine quality 


transmissions and actuators for industry. 


This is the control panel room 
in |. G. W.'s ultra modern 


\ 
heat-treating department — 
one of the contributing fac- VK fy) 


tors to Indiana Gear's unique 
ability to create hard-to-make 
parts to exacting specifica- 


INDIANA GEAR 


INDIANA GEAR WORKS, INC.* INDIANAPOLIS 7, INDIANA 


MAY, 1958 


Oxidation of Ethylene to Ethylene 
Oxide. Shen-Wu Wan. Industrial and 
Engineering Chemistry, Vol. 45, No. 1, 
January, 1953, pp. 234-238, illus. 10 
references. 

Separation of 1- and 2-Methylnaphtha- 
lenes by Azeotropic Distillation. Julian 
Feldman and Milton Orchin. Jndustrial 
and Engineering Chemistry, Vol. 44, No. 12, 
December, 1952, pp. 2909-2914, illus. 16 
references. 

Service Experience with TCP Fuel 
Additive. C. R. Johnson and D. N. 
Harris. S.A.E., Annual Meeting, Detroit, 
January 12-16, 1953, Preprint No. 41 
35 pp., illus. 3 references. 

Equilibrium Flash Vaporization of Petro- 
leum Fractions at Reduced Pressures. 
kK. Keith Okamoto and Matthew van 
Winkle. Jndustrial and Engineering Chem 
istry, Vol. 45, No. 2, February, 1953, pp 
429-439, illus. 27 references 


Identification and Vapor Phase Oxida- 
tion of 0,3,4-Bicyclononadiene. F. T 
Wadsworth and Frank J. Smith. Jndus- 
trial and Engineering Chemistry, Vol. 45, 
No. 1, January, 1953, pp. 217-221, illus 
13 references. 

Liquid-Vapor Equilibrium Relations in 
Binary Systems; Propane-Hydrogen Sul- 
fide System. W. B. Kay and G. M 
Rambosek. Industrial and Engineering 
Chemistry, Vol. 45, No. 1, January, 1953, 
pp. 221-226, illus. 9 references 

Vapor-Liquid Equilibria for Binary 
Hydrocarbon-Water Systems; Correla- 
tion of Data. Riki Kobayashi and 
Donald L. Katz. Industrial and Engineer- 
ing Chemistry, Vol. 45, No. 2, February, 
1953, pp. 440-451, illus. 35 references 

Products of the Hydrogenation of Car- 
bon Monoxide over an Iron Catalyst. I 
Aliphatic and Alicyclic Hydrocarbons. 
A. W. Weitkamp, Herman S. Seelig, Nor- 
man J. Bowman, and William E. Cady 
Il—Aromatic Hydrocarbons. William E. 
Cady, Philip J. Launer, and A. W. Weit- 
kamp. I[I—Water-soluble Oxygenated 
Compounds. Alfred Steitz, Jr.,and David 
kK. Barnes. IV—Oil-Soluble Oxygenated 
Compounds. D. G. Cain, A. W. Weit- 
kamp, and Norman J. Bowman. V 
Relation of Product Composition to Reac- 
tion Mechanism. A. W. Weitkamp and 
C. G. Frye. Industrial and Engineering 
Chemistry, Vol. 45, No. 2, February, 1953, 
pp. 343-367, illus. 89 references. 


Reactions of Hydrocarbons over Crack- 
ing Catalysts. E. M. Gladrow, R. W 
Krebs, and C. N. Kimberlin, Jr. Jndus 
trial and Engineering Chemistry, Vol. 45, 
No. 1, January, 1953, pp. 142-147, illus 
12 references. 


Solubility of Water in Hydrocarbons. 
R. R. Hibbard and R. L. Schalla. U-.S., 
N.A.C.A., Research Memorandum No 
E52D24, July 10,1952. 25 pp., illus. 23 
references 


The Cloud Point Test for Low-Tempera- 
ture Lubricating Oils. E. Kanda and 
T. Haseda. (Japan, Tohoku University, 
Research Institute Science Reports, Series 
A, Vol. 4, No. 1, February, 1952, pp. 48 
52.) Engineers’ Digest, Vol. 13, No. 12, 
December, 1952, pp. 416, 417, illus. 4 
references 
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Pinic Acid Diesters; Preparation, Prop- 
erties, and Lubricant Applications. C. M. 
Murphy, J. G. O’Rear, and W. A. Zisman. 
Industrial and Engineering Chemistry, Vol 
45, No. 1, January, 1953, pp. 119-125, 
illus. 34 references. 


Gas-Turbine Fuels 


The Effect of High-Frequency Sound 
Waves on an Air-Propane Flame. C. J. 
Kippenhan and H. O. Croft. American 
Society of Mechanical Engineers, Transac- 
tions, Vol. 74, No. 7, October, 1952, pp. 
1151-1155, illus. 20 references. 

Flame Velocities of Propane- and 
Ethylene - Oxygen - Nitrogen Mixtures. 
Gordon L. Duggar and Dorothy D. Graab. 
U.S., N.A.C.A., Research Memorandum 
No. E52J24, January 2, 1953. 23 pp., 
illus. 15 references. 

Pressure Limits of Flame Propagation of 
Pure Hydrocarbon-Air Mixtures at Re- 
duced Pressure. Adolph E. Spakowski. 
U.S., N.A.C.A., Research Memorandum 
No. E52H15, September 30, 1952. 35 pp., 
illus. 10 references. 

Pyrolysis of Propane and Butanes at 
Elevated Pressures. H. J. Hepp and 
F. E. Frey. Industrial and Engineering 
Chemistry, Vol. 45, No. 2, February, 1953, 
pp. 410-415, illus. 9 references. 

Utilization of Kerosene Stocks for Jet 
Fuels by Treatment with Urea. C. J. 
Hepp and G. C. Ray. Industrial and 
Engineering Chemistry, Vol. 45, No. 1, 
January, 1953, pp. 112-115, illus. 7 
references. 


Propellants 


Effect of Vibrational Excitation on the 
Theoretical Performance of the Stoichio- 
metric Carbon-Oxygen Propellant System. 
J. H. Schroeder. American Rocket So- 
ciety, Journal, Vol. 23, No. 1, January- 
February, 1953, pp. 25-27. 11 references 

Electrolytic Conductance of the Nitric 
Acid-Nitrogen Dioxide-Water System at 
32° F. G. D. Robertson, Jr., D. M. 
Mason, and B. H. Sage. Industrial and 
Engineering Chemistry, Vol. 44, No. 12, 
December, 1952, pp. 2928-2930, illus. 11 
references. 

High-Flux Heat Transfer and Coke 
Deposition of JP-3 Fuel Mixture. John 
B. Hatcher. California Institute of Tech- 
nology, Jet Propulsion Laboratory, Progress 
Report No. 20-157, February 14, 1952 
35 pp., illus. 11 references. 

Phase Behavior of the Hydrogen Pro- 
pane System. W. L. Burriss, N. T. Hsu, 
H. H. Reamer, and B. H. Sage. Indus- 
trial and Engineering Chemistry, Vol. 45, 
No. 1, January, 1953, pp. 210-213, illus 
18 references. 

The Properties of Pure Liquids. H.S 
Tsien. American Rocket Society, Journal, 
Vol. 23, No. 1, January-February, 1953, 
pp. 17-24, 35, illus. 16 references. 

Synthesis of Methane by Hydrogena- 
tion of Carbon Monoxide in a Tubular 
Reactor. M. M. Gilkeson, R. R. White, 
and C. M. Sliepcevich. Industrial and 
Engineering Chemistry, Vol. 45, No. 2, 
February, 1953, pp. 460-467, illus. 16 
references 

Ternary Solubility Data for System 
Involving 1-Propanol and Water. J. F. 
McCants, J. H. Jones, and W. H. Hopson. 
Industrial and Engineering Chemistry, Vol. 
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45, No. 2, February, 1953, pp. 454-456, 
illus. 7 references. 


Gliders 


An Artificial Horizon and Directional 
Gyro for Sailplanes. A. J. Yates. Air- 
craft Engineering, Vol. 24, No. 286, Decem- 
ber, 1952, pp. 367-369, illus. 2 references. 

Powerless Glides Along Zero Curvature 
Flight Paths. Victor W. Bolie. Franklin 
Institute, Journal, Vol. 255, No. 2, Febru- 
ary, 1953, pp. 127-132, illus. 1 reference. 

Progress in Two-Seater Sailplane De- 
sign; A Summary of Technical Develop- 
ment During the Past Thirty Years. B.S. 
Shenstone. Aircraft Engineering, Vol. 25, 
No. 287, January, 1953, pp. 2-10, illus. 1 
reference. (Also in Sailplane and Glider, 
Vol. 21, No. 2, February, 1953, pp. 6-10.) 


Instruments 


Comparison of Airspeed Calibrations 
Evaluated by the Accelerometer and Radar 
Methods. Lindsay J. Lina and James P. 
Trant, jr: U.S:,. Ni:AC.A., Technical 
Note No. 2570, January, 1952. 16 pp., 
illus. 3 references. 

Position Errors of the Service Airspeed 
Installations of 10 Airplanes. William 
Gracey. U.S., N.A.C.A., Technical Note 
No. 1892, June, 1949. 48 pp., illus. 10 
references. 

Quantitative Instrument Reading as a 
Function of Dial Design, Exposure Time, 
Preparatory Fixation,and Practice. Julien 
M. Christensen. U.S., Air Force, Wright 
Air Development Center, Technical Report 
No. 52-116, September, 1952. 51 pp., 
illus. 23 references. 

An Airborne, Infrared Spectrograph. 
C. W. Hargens. Franklin Institute, Jour- 
nal, Vol. 255, No. 1, January, 1953, pp. 
59, 60, illus. 1 reference. 

A Critical Evaluation of the Norelco 
High Angle X-Ray Spectrometer for Elas- 
tic Strain Measurements. S. R. Maloof 
and H. R. Erard. Review of Scientific 
Instruments, Vol. 23, No. 12, December, 
1952, pp. 687-692, illus. 7 references. 

NACA Sonic-Flow-Orifice Temperature 
Probe in High-Gas-Temperature Meas- 
urement. P. L. Blackshear, Jr. A meri- 
can Society of Mechanical Engineers, Trans- 
actions, Vol. 75, No. 1, Section 1, January, 
1953, pp. 51-54; Discussion, pp. 55-58, 
illus. 9 references. 

Recording and Indicating Instruments 
for Temperature Measurements Down to 
10°K Using Copper-Constantan Thermo- 
couples. FE. Victor Larson and Robert 
Mayer. Review of Scientific Instruments, 
Vol. 23, No. 12, December, 1952, pp. 692- 
694, illus. 

Test Procedures and Methods for 
Eliminating the Measuring Errors of 
Thermometers. I, II. F. Lieneweg. 
( Feinwerktechnik, Vol. 56, No. 11, Novem- 
ber, 1952, pp. 325-332.) Engineers’ Di- 
gest, Vols. 13, 14, Nos. 12, 1, December, 
1952, January, 1953, pp. 412-414; 18-20, 
illus. 3 references. 

Vibration Measurements. Rose Win- 
slade. Electronic Engineering, Vol. 24, 
No. 298, December, 1952, pp. 553-557, 
illus. 3 references. Circuits and _ tech- 
niques of instruments. 


REVIEWS 


Automatic Control 


(Automatic Controls). Preston R. Bas- 
sett. Lecture, American Rocket Society, 
New York Section Meeting, New York, 
October 17, 1952. 27 pp. 

Developing the Navy G-3 Automatic 
Pilot. C. G. Yates. Aero Digest, Vol. 
65, No. 5, November, 1952, pp. 79-91, 
illus. 

The Pilot is the Limit. Arthur V. 
Sommer. Aero Digest, Vol. 65, No. 6, 
December, 1952, pp. 17-25, illus. Possi- 
bilities of developing an automatic gyro- 
pilot for supersonic flight. 

The Process Characteristics Which 
Affect Automatic Control. J.B. McMahon 
and R. A. Ackley. American Society of 
Mechanical Engineers, Transactions, Vol. 
74, No. 8, November, 1952, pp. 1321— 
1326, illus. 1 reference. 


Flow-Measuring Devices 


Development of Turbulence-Measuring 
Equipment. Leslie S. G. Kovasznay. 
U.S., N.A.C.A., Technical Note No. 2839, 
January, 1953. 86 pp., illus. 11 refer- 
ences. 

Electronic Flowmeter; A New Method 
for Measuring Fluid Flow. U-.S., National 
Bureau of Standards, Technical News Bul- 
letin, Vol. 37, No. 2, February, 1953, pp. 
30, 31, illus. 

The IMFL (Institut de Mécanique des 
Fluides de Lille) Anemoclinometer—An 
Instrument for the Investigation of a 
Fluctuating Velocity Vector. A. Martinot- 
Lagarde, A. Fauquet, and F. N. Frenkiel. 
Review of Scientific Instruments, Vol. 23, 
No. 12, December, 1952, pp. 661-666, 
illus. 9 references. 

Metering of Powdered Solids in Gas- 
Solid Mixtures. Leonard Farbar. I[ndus- 
trial and Engineering Chemistry, Vol. 44, 
No. 12, December, 1952, pp. 2947-2955, 
illus. 7 references. 

Simple and Multiple Gas Microintro- 
ductors for Adsorption Studies. J. C. P. 
Mignolet. Journal of Scientific Instru- 
ments, Vol. 30, No. 1, January, 1953, pp. 
15-17, illus. 4 references. 

A Simple Gas-Flow-Control of High 
Efficiency. D. H. James and C. S. G. 
Philips. Journai of Scientific Instruments, 
Vol. 29, No. 11, November, 1952, pp. 362, 
363, illus. 6 references. 

A Technique for Cleaning Hot-Wires 
Used in Anemometry. L. A. Wyatt. 
Journal of Scientific Instruments, Vol. 30, 
No. 1, January, 1953, pp. 138, 14, illus. 3 
references. 

Use of a Consolidated Porous Medium 
for Measurement of Flow Rate and Vis- 
cosity of Gases at Elevated Pressures and 
Temperatures. Martin B. Bliss and J. A. 
Putnam. U-:S., N.A.C.A., Technical Note 
No. 2783, September, 1952. 51 pp., illus. 
11 references. 

Viscosimetry of Gases at High Tem- 
peratures and Pressures. U.S., National 
Bureau of Standards, Summary Technical 
Report No. 1752, February, 1953. 6 pp. 
3 references. 


Pressure-Measuring Devices 


An Accurate Wire Resistance Method 
for the Measurement of Pulsating Pres- 
sures. N. Gross and P. H. R. Lane. 
Journal of Scientific Instruments, Vol. 30, 
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SEEING IS BELIEVING 


Supplying the right answers to pilots and navigators 
by means of accurate, reliable instruments has been 
our work for more than twenty-four years 


AIRCRAFT INSTRUMENTS AND CONTROLS 
OPTICAL PARTS AND DEVICES 
MINIATURE AC MOTORS 

RADIO COMMUNICATIONS AND 
NAVIGATION EQUIPMENT 


Current production is largely destined for our defense 
forces; but our research facilities, our skills and tal- 
ents. are available to scientists seeking solutions to 
instrumentation and control problems. 


ko | | S m q Nn CORP. 
> 


ELMHURST, MEW YORK + GLENDALE, CALIFORNIA + SUBSIDIARY OF Standard COIL PRODUCTS CO., INC. 


= 


MAY 1953 


No. 1 January, 1953, pp. 1, 2, illus 
reference 

Calibration of Pressure Gages for Work 
in Ballistics. S. Raynor. Journal 
Applied Mechanics, Vol. 19, No. 4, Decen 
ber, 1952, pp. 517-520, illus 

A Gage for the Measurement of Tran- 
sient Hydraulic Pressures. F. 
Oregon State College, Engineering Exper 
ment Station, Builetin No. 32, October 
1952. 19 pp., illus. 6 references 

Temperature-Stable, Capacitance Pres- 
sure Gauges. I). C. Pressey. Journa 
Scientific Instruments, Vol. 30, No 
January, 1953, pp. 20-24, illus. 27 refer 
ences, 


Servomechanisms 


An Analogue Computer for Use in the 
Design of Servo Systems. E. E. Ward 
(.E.E., Measurements Section, Paper 
1201.) Institution of Electrical Enginee? 
Proceedings, Part II, Power Engineeriy 
Vol. 99, No. 72, December, 1952, pp. 521 
532; Discussion, pp. 549-552, illus 
references 

The Analysis of Sampled-Data Systems. 
J. R. Ragazzini and L. A. Zadeh. Elect? 
cal Engineering, Vol. 71, No. 12, December, 
1953, p. 1102, illus. 2 references 

The Design and Testing of an Electronic 
Simulator for a Hydraulic Remote-Posi- 
tion-Control Servo Mechanism. |. J. | 
Ritson and P. H. Hammond (.E.! 
Measurements Section, Paper No. 1296 
Institution of Electrical Engineers, Proceed 
ings, Part II, Power Engineering, Vol. 99 
No. 72, December, 1952, pp. 533-4548 
Discussion, pp. 549-552, illus. 10 refer 
ences 

Metrization of Phase Space and Non- 
linear Servo Systems. Chi Lung Ka: 
and Gilbert H. Fett. Journal of Applied 
Physics, Vol. 24, No. 1, January, 1953, pp 
38-41, illus references 

A Servomechanism for the Elimination 
of Time Lag. Richard L. Garwin. R 
view of Scientific Instruments, Vol. 23, 
12, December, 1952, pp. 681-683, illus 

Synthesis of Servomechanisms by Root 
Locations. I). W. Russell and C. H 
Weaver. Electrical Engineering, Vol. 72 
No. 1, January, 1958, p. 41, illus 


Machine Elements 


On the Production of Diffraction Grat- 
ings. II—-The Generation of Helical Rul- 
ings and the Preparation of Plane Gratings 
Therefrom. R. G. N. Hall and L. A 
Sayce Royal Society (London), Proce 
ings, Series A, Mathematical and Phy 
Sciences, Vol. 215, No. 1123, December 22 
1952, pp. 536-550, illus. 4 references 

New Flowed-In Gaskets . . . Increase 
Production Speeds, Reduce Faulty Seals, 
Use Synthetic Rubbers or Resins. Wil 
liam M. Rand, Jr. Materials & Method 
Vol. 37, No. 1, January, 1953, pp. 78, 79 
illus. For dial gages and other appli 
tions 

Gear-Tooth Stresses and Rating Form- 
ulae. H. E. Merritt Institution 
Mechanical Engineers, Proceedings 
Vol. 166, No. 2, 1952, pp. 196-205; Di 
cussion, pp. 205-216, illus. 19 referenc: 

Working Stresses and Working 
Strength of Spur Gears. A. Thum and 
K. Richard. (Schweizer Archiv, Vol. 18, 
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No. 10, October, 1952, pp. 309-321.) 
Engineers’ Digest, Vol. 14, No. 1, January, 
1953, pp. 9-12, illus. 14 references. 

A Simple Method of Determining Plas- 
tic Stresses and Strains in Rotating Disks 
With Nonuniform Metal Properties. M. 
H. Lee Wu. Journal of Applied Me- 
chanics, Vol. 19, No. 4, December, 1952, 
pp. 489-495, illus. 9 references. 

How Adjustable Speed Electronic 
Drives Compare. T.R. Breunich. Prod- 
uct Engineering, Vol. 23, No. 11, Novem- 
ber, 1952, pp. 189-196, illus. 


Bearings 


The Behaviour of Rolling Bearings at 
Very High Running Speeds. G. Getzlaff 
(Konstruktion, Vol. 4, No. 9, 1952, pp. 
280-288.) Engineers’ Digest, Vol. 13, No. 
11, November, 1952, pp. 379-384, illus. 
10 references. 


Comparison of High-Speed Operating 
Characteristics of Size 215 Cylindrical- 
Roller Bearings as Determined in Turbo- 
jet Engine and in Laboratory Test Rig. 
E. Fred Macks and Zolton N. Nemeth. 
(U.S., N.A.C.A., Research Memorandum 
No. E51105, 1951.) U.S., N.A.C.A., Re- 
port No. 1084, 1952. 12 pp., illus. 6 
references 

Laminated Plastics Improve Precision 
Bearing Performance. Herbert Widdop. 
Materials & Methods, Vol. 36, No. 6, De- 
cember, 1952, pp. 99-101, illus. 


On the Solution of the Reynolds Equa- 
tion for Slider-Bearing Lubrication. II 
The Viscosity a Function of the Pressure. 
A. Charnes and E. Saibel. Society of 
Mechanical Engineers, Transactions, Vol 
75, No. 2, February, 1953, pp. 269-272, 
illus. 9 references. 

Swaged Housing Ring Grooves to 
Retain Axial Thrust Bearings. C. H. 
Avery and A. G. Brisack. Product Engi- 
neering, Vol. 23, No. 11 November, 1952, 
pp. 149-152, illus 


Materials 


Adsorption. B. L. Harris. Industrial 
and Engineering Chemistry, Vol. 45, No. 1, 
January, 1953, pp. 24-31, illus 
ences, 


315 refer- 
Evaluation of present status of 
equipment and research. 


Beating the Heat Barrier. Thomas E. 


Piper. Aero Digest, Vol. 65, No. 5, No- 
vember, 1952, pp. 64-72, illus. High- 
temperature-resistant materials require- 


ments 


Final Report on Development of Metal- 
Ceramic Compositions Suitable for Service 
at Elevated Temperatures. W. D 
Kingery, G. Economos, M. Humenik, Jr., 
and M. Berg. (Fairchild Engine and Air- 
plane Corporation, NEPA Division.) 
U.S., Atomic Energy Commission, Report 
No. NEP A-1848, April 30, 1951. 55 pp., 
illus. 6 references. 

Materials & Methods Manual No. 90: 
Annual Engineering Materials Review 
and Forecast. T.C. Du Mond. Materials 
& Methods, Vol. 37, No. 1, January, 1953, 
pp. 101-116, illus. Iron and steel; non- 
ferrous metals; nonmetallic materials; 
parts and forms; finishes and coatings; 
processing methods. 


AERONAUTICAL 


Corrosion & Protective Coatings 


Aluminum Coatings Applied to Steel by 
Many Methods. E. M. Smith. Materials 
© Methods, Vol. 36, No. 6, December, 
1952, pp. 105-108, illus. 8 references. 

Aluminum Finishes That Resist Wear 
and Erosion. R.V. Vandenberg. S.A.E., 
Annual Meeting, Detroit, January 12-16, 
1953, Preprint No. 7-3. 5 pp., illus. 

Coating Steel By the Aldip Process. 
D. K. Hanink and A. L. Boegehold. 
S.A.E., Annual Meeting, Detroit, Janu- 
ary 12-16, 1953, Preprint No. 4. 
illus. 

..- Corrosion of Aluminum. Mars G. 
Fontana. Industrial and Engineering 
Chemistry, Vol. 45, No. 2, February, 1953, 
pp. 93A—95A, illus. 

Investigation of Gases Evolved During 
Firing of Vitreous Coatings on Steel. 
Dwight G. Moore and Mary A. Mason. 
U.S., N.A.C.A., Technical Note No. 2865, 
January, 1953. 34 pp., illus. 19 refer- 
ences. 

Materials Engineering File Facts No. 
241: Galvanic Corrosion. Materials & 
Methods, Vol. 37, No. 1, January, 1953, p. 
119. 

Porosity of Paint Films; Water Vapor 
Adsorption and Permeability. Sigmund 
Eckhaus, Irvin Wolock, and B. L. Harris. 
Industrial and Engineering Chemistry, Vol. 
45, No. 2, February, 1953, pp. 426-428, 
illus. 4 references. 

Utilization of Titanium and Other 
Alloys in Corrosive Environments. W. 
Lee Williams. S.A.E., Annual Meeting, 
Detroit, January 12-16, 1953, Preprint No. 
44. 11 pp., illus 


12 pp., 


10 references. 


Metals & Alloys 


The Anomalous Skin Effect. R. G 
Chambers. Royal Society (London), Pro- 
ceedings, Series A, Mathematical and 
Physical Sciences, Vol. 215, No. 11238, 
December 22, 1952, pp. 481-497, illus. 27 
references. Measurements on a number of 
metals at frequencies of 1,200 and 3,600 
me. per sec. 

Behavior of Refractory Oxides in Con- 
tact with Metals at High Temperatures. 
George Economos. Industrial and Engi- 
neering Chemistry, Vol. 45, No. 2, Febru- 
ary, 1953, pp. 458, 459, illus. 14 refer- 
ences. 

Changes in Electrical 
Cold-Worked Metals. TT. Hirone and 
K. Adachi. (Japan, Tohoku University, 
Research Institute, Science Reports, Series 
A, Vol. 3, No. 4, 1952, pp. 454-458.) 
Engineers’ Digest, Vol. 13, No. 11, Novem- 
ber, 1952, pp. 394, 395. 11 references. 

Determination of Zirconium in Steels 
Using p-Bromo- or p-Chloromandelic 
Acid. Joseph J. Klingenberg and Roland 
A. Papucci. Analytical Chemistry, Vol. 
24, No. 11, November, 1952, pp. 1861, 
1862. 6 references. 

The Effect of Slightly Elevated-Tem- 
perature Treatment Upon Microscopic and 
Submicroscopic Residual Stresses In- 
duced by Small Inelastic Strains in 
Metals. H. T. Corten and T. M. Elsesser. 
American Society of Mechanical Engineers, 
Transactions, Vol. 74, No. 8, November, 
1952, pp. 1297-1302, illus. 21 references. 

The Machining of High Temperature 
Alloys. P. G. DeHuff and D. C. Goldberg. 
Aero Digest. Vol. 65, No. 5, November, 


Properties of 
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1952, pp. 92-98, illus Physical and 
mechanical properties; applications. 

Materials Engineering File Facts No. 
240: Limiting Creep and Stress Rupture 
Values for Various Ferrous and Nonfer- 
rous Materials in Sheet Form. Materials 
& Methods, Vol. 36, No. 6, December, 
1952, pp. 189-143. 

Metal-Carbon Composites for Mechani- 
cal and Electrical Parts. E. P. Eaton, Jr. 
Product Engineering, Vol. 23, No. 11, 
November, 1952, pp. 173-175, illus. 

Reduction by Aluminum Power in 
Aqueous Solution ; Volumetric Determina- 
tion of Iron. E. Raymond Riegel and 
Robert D. Schwartz. Analytical Chemis- 
try, Vol. 24, No. 11, November, 1952, pp. 
1803-1806, 15 references. 

Rheology of Metals at Elevated Tem- 
peratures. A. E. Johnson and N. E. 
Frost. Journal of the Mechanics and 
Physics of Solids, Vol. 1, No. 1, October, 
1952, pp. 37-52, illus. 17 references. 

Screw Dislocations, Etch Figures, and 
Holes. F. Hubbard Horn. Philosophical 
Magazine, Vol. 43 (7th Series), No. 346, 
November, 1952, pp. 1210-1218, illus. 9 
references. Investigation of silicon car- 


bide crystals; comparison with AIB, 
crystals. 

The Sintering of Powders and Diffusion. 
R. S. Barnes. Philosophical Magazine, 


Vol. 43 (7th Series), No. 346, November, 
1952, pp. 1221-1224, illus. 8 references. 

Survey of Portions of the Iron-Nickel- 
Molybdenum and _ Cobalt-Iron-Molyb- 
denum Ternary Systems at 1200° C. 
Dilip K. Das and Paul A. Beck. U.S., 
N.A.C.A., Technical Note No. 2896, Febru- 
ary, 1953. 56 pp., illus. 15 references. 

A Theory of Work-hardening of Metal 
Crystals. N. F. Mott. Philosophical 
Magazine, Vol. 48 (7th Series), No. 346, 
November, 1952, pp. 1151-1178, illus. 41 
references. 

The Time Laws of Creep. A. H. Cot- 
trell. Journal of the Mechanics and 
Physics of Solids, Vol. 1, No 
1952, pp. 53-63, illus. 


1, October, 
21 references. 


Metals & Alloys, Ferrous 


Comparisons at Elevated Temperatures 
of Some Commercial Grades of Ferritic 
Cast Steels. H. W. Wyatt, J. W. Bolton, 
and M. L. Steinbuch. American Soctety 
of Mechanical Engineers, Transactions, 
Vol. 75, No. 2, February, 1953, pp. 289 
298; Discussion, pp. 298-300, illus. 39 
references. 

Complicated Domain Patterns on Iron- 
Silicon Single Crystals. C. F. Ying, S. L. 
Levy, and R. Truell. Journal of Applied 
Physics, Vol. 23, No. 12, December, 1952, 
pp. 1339-1345, illus. 

Iron Atoms in the Service of the Elec- 


2 references. 


trical Engineer. Charles Goodeve. (The 
43rd Kelvin Lecture, April 24, 1952.) 
Institution of Electrical Engineers, Pro- 


ceedings, Part I, General, Vol. 99, No. 120, 
November, 1952, pp. 225-282, illus. 5 
references. 

The Yield Phenomenon in Polycrystal- 
line Mild Steel. W.M. Lomer. Journal 
of the Mechanics and Physics of Solids, 
Vol. 1, No. 1, October, 1952, pp. 64-73, 
illus. 25 references. 
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AVICA FLANGE TERMINATIONS FOR ATTACH- 
ING RIGID TUBING TO A FLEXIBLE 


EXPANSION JOINT / 
MECHANICALLY ATTACHED 


TUBE FITTINGS 


IN CORROSION RESISTANT 
STAINLESS STEEL 
OR 
ALUMINUM ALLOY 


a“ 


SWIVEL NUT 
TERMINATIONS 
TO MATE WITH AND10056 


AVICA Tube Fittings can be 
Engineered for any Aircraft; 
Power Plant; Missile or Industrial 
application. Terminations to AN 
standards or to customers special 
requirements such as flanges 
shown with O Ring Groove to suit 
V-Band Clamp 


FLANGES TO SUIT V-BAND CLAMPS 


TECHNICAL DATA... Write for 
full Technical Data on AVICA 
Mechanically Attached Tube Fit- 
tings, Mock-up Fittings and 
Assembly Tools 

WRITE TO 

SPECIAL PROJECTS DEPT. A.E. 


AVILA CORPORATION 


P.O. BOX 1090 
PORTSMOUTH, RHODE ISLAND 
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Metals & Alloys, Nonferrous 


Further Observations 
Growth in Metals. F. Weinberg and 
Bruce Chalmers. Canadian Journal of 
Physics, Vol. 30, No. 5, September, 1952, 
pp. 488-502, illus. 4 references. Experi- 
ments on high purity tin and zinc crystals 

Electron Microscope Studies of Evapo- 
rated Cadmium and Zinc. R. S. Sennett, 


on Dendritic 


T. A. McLauchlan, and G. D. Scott. 
Canadian Journal of Physics, Vol. 30, No 
5, September, 1952, pp. 370-372, illus. 6 


references. 

Oriented Chemical Growth on Single 
Crystals of Zinc and Cadmium. L. N. D 
Lucas. Royal Society (London), Proceed- 
ings, Series A, Mathematical and Physical 
Sciences, Vol. 215, No. 1121, November, 
1952, pp. 162-174, illus. 10 references. 

Superlattice Studies in the Systems 
Silver-Magnesium-Tin and Silver-Mag- 
nesium-Zinc. W. G. Henry and G. V. 
Raynor. Canadian Journal of Physics, 
Vol. 30, No. 5, September, 1952, pp. 412 
421, illus. 7 references 

Sub-Structures in Aluminium Deformed 
at Elevated Temper. J. A. Ramsey 
Australia, Department Supply, Aero 
nautical Research Laboratories, Report No 
SM. 193, May, 1952. 12 pp., illus. 6 
references. 

Materials & Methods Manual No. 89: 
Aluminum Bronze. John L. 
Materials & Methods, Vol. 36, No. 6, De- 
cember, 1952, pp. 119-134, illus. 6 refer 
ences. Classification; engineering proper 
ties; processing and fabrication; joining 
practice; heat treatment; surface finishing; 
applications. 

Neutron Diffraction Studies of Cold- 
Worked Brass. R. J. Weiss, J. R. Clark, 
L. Corliss, and J. Hastings. Journal of 


Everhart 


Applied Physics, Vol. 23, No. 12, Decem 
ber, 1952, pp. 1879-1382, illus. 15 refer 
ences. 


The Elastic Constants of Cu-4 Per- 


cent Si. Charles S. Smith and J. W 
Burns. Journal of Applied Physics, Vol. 
24, No. 1, January, 1953, pp. 15-18. 9 


references. 

Determination of Trace Impurities in 
Magnesium by Activation Analysis. G. J 
Atchison and W. H. Beamer. Analytical 
Chemistry, Vol. 24, No. 11, November, 
1952, pp. 1812-1815. 25 references. 

Materials Engineering File Facts No. 
242: Designations and Applications of 
Chemical and Electrochemical Treatments 
for Magnesium Alloys. 
Methods, Vol. 37, No 
121. 

Materials Engineering File Facts No. 
243: Materials Data Sheet; Low Expan- 
sion Nickel Alloys. terials & Methods, 
Vol. 37, No. 1, January, 1953, p. 123. 

Properties of Electrodeposited Nickel. 
U.S., National Bure Standards, Sum- 
mary Technical Report 1723, October, 
1952. 7 pp. 

Further Observations on the Macro- 
mosaic Structures of Tin Single Crystals. 
E. Teghtsoonian and Bruce Chalmers 
Canadian Journal of Physics, Vol. 30, No 
5, September, 1952, pp. 388-401, illus. 3 
references. 

The Bases for Tonnage Titanium Pro- 
duction. C.I. Bradford. S.A.E., Annual 
Meeting, Detroit, January 12-16, 1953, 


Materials & 
1, January, 1953, p 


1 reference 
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AVIATION’S 


PROFESSIONAL 


ENGINEERING 


AND DESIGN 


PUBLICATION 
| 


YOUR PROFESSIONAL APPROACH to the 
aviation market is through the adver- 
tising pages of the AERONAUTICAL 
ENGINEERING REVIEW. As an official 
publication of the Institute of the Aero- 
nautical Sciences, the REVIEW effect- 
ively reaches the professional nucleus 


of all aircraft, engine, and guided- 
missile projects active today. 


PAID READERSHIP, now at an all-time high, 
continues to climb for the tenth con- 
This widening 
recognition by the profession is evi- 
dence of the REVIEW's high standard 


of editorial coverage, which has never 


secutive year. ever 


strayed from the immediate technical 
problems confronting aviation's design 
and development teams. 


the 
shown by the profession in the products 
is illustrated by the RE- 
VIEW's steady advertising page gain 


Evidence of responsive interest 


advertised 


in every year since 1947. 


For a graphic picture of the 
REVIEW's direct, economical coverage 
of the aviation market, send for these 


factual booklets: 


24-Page ‘Aviation Market Guide” 


64-Page “Guide to Aeronautical 
Engineering Profession” 


An Official Publication 


INSTITUTE OF THE 
AERONAUTICAL SCIENCES 
(Aviation’s Professional Engineering 
Society) 

2 East 64th Street New York 21, N.Y. 
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AERONAUTICAL ENGINEERING 


AIRCRAFT APPROVED 
V5 | 


STAINLESS STEEL 


THREE-WAY NORMALLY OPEN AND 
NORMALLY CLOSED 


WEIGHT ONLY 1% LBS. APPROX. 32”’ HIGH 
Soft synthetic rubber inserts in plunger prevent 
leakage...Spring loaded for positive action...Power consump- 
tion approx. 10 watts...Usable in any position...Operating pres- 
sure to 150 P.S.I.... Fluid connections to suit your specifications. 
Some models for aircraft, such as valve illustrated, have 
Yellow Dot approval. Other solenoid aircraft valves available 


and under development for pressures to 3,000 P.S.1. 


Two-way normally open and normally closed solenoid valves 
for special media such as liquid oxygen, nitric acid and concen- 
trated hydrogen peroxide are also available in a variety of sizes. 
Inquiries regarding your solenoid valve 
problemsare welcomed. 


VALVE DIV. 
THE SKINNER CHUCK COMPANY 
104 Edgewood Ave., New Britain, Conn. 


THE EMERSON ELECTRIC MFG CO 
ST LOUIS 21. MO 
GENERAL QD ELectRic 


Comranr 


APPARATUS SALES DIVISION 


Company 
We 


INDIANA GEAR WORKS 


THE PIERCE GOVERNOR COMPANY, INC, 


WESTINGHOUSE 
ELECTRIC CORPORATION 


A representative exhibit of a few of our customers who have 
long used Bardwell & McAlister, Inc. as a source of supply for 


locking steel threaded inserts and 
studs in all materials softer than steel 


You are invited to join our “Good 
Company” — write for our Rosan 
Catalog, Dept. 43. 


ROSAN Threaded Insert ROSAN Locked-in Studs 


BARDWELL & McALISTER, Inc. 


BURBANK, CALIFORNIA 


The Original manufacturer of the Rosan Locking System 
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Amis DYNAMIC 


(AND SINGLE-PLANE) 


Balancing Machines 


These versatile, precision Balancing Machines used for research 
as well as production balancing of a wide variety of rotors, fans, 
etc. Balancers designed for special purposes. Submit parts or 


drawings for study and recommendations. 


WRITE FOR BULLETIN 


R. B. ANNIS COMPANY 


1100 N. Delaware St., Indianapolis 2, Ind. 


DISPLACEMENT TRANSDUCERS 


Input: linear motion .1” to .4” 
Output: voltage-ratio 


SERIES 
222 


WEIGHT 
-6 OUNCE 


PRECISE - COMPACT - RUGGED 


Write for complete technical information 


COLVIN LABORATORIES 


MORRISTOWN NEW JERSEY 


Other Displacement Transducers with strokes .5” to 5.75” 
Pressure Transducers 0-1 to 0-6000 psi Pressure Switches 
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Preprint No. 42. 17 pp., illus. Physical 
and mechanical properties; applications. 

Determination of Titanium in Pigments 
and Ores; Titrimetric Method. Joseph A. 
Rahm. Analytical Chemistry, Vol. 24, No. 
11, November, 1952, pp. 1832, 1833, illus 
3 references 

Titanium: A Survey. I, II. P. L. 
Teed (Lecture, Royal Aeronautical 
Society, January 29, 1953.) The Engineer, 
Vol. 195, Nos. 5068, 5064, February 6, 13, 
1953, pp. 2038-205; 235-237, illus. 15 
references. Abridged. (Also in Firght, 
Vol. 63, No. 2298, February 6, 1953.) 

Titanium— Middleweight Champion; 
Equipment and Design. Charles O 
Brown. Industrial and Engineering Chem 
istry, Vol. 45, No. 1, January, 1953, pp 
87A-90A 

Titanium Alloys for Aircraft Engine 
Forgings. L.R. Frazier. S.A.E., Annual 
Meeting, Detroit, January 12-16, 1953, 


Preprint No. 45. 3 pp. 
Titanium in Airframes. F. Robert 
Kostoch. S.A.E., Annual Meeting, De- 


troit, January 12-16, 1953, 
46. 6pp., illus. 


Preprint No. 


Nonmetallic Materials 


Temperature Dependence of the Elastic 
Moduli and Internal Friction of Silica 
and Glass. J. W. Marx and J. M. Silver- 
stein. Journal of Applied Physics, Vol. 
24, No. 1, January, 1953, pp. 81-87, illus. 
14 references 

What Glass Fiber-Filled Molding 
Resins Have to Offer. Kenneth Rose 
Materials & Methods, Vol. 37, No. 1, 
January, 1953, pp. 87-89, illus. 

Cross-Linking of Polythene by Pile 
Radiation. A Charlesby. Royal Society 
(London), Proceedings, Series A, Mathe- 
matical and Physical Sciences, Vol. 215, 
No. 1121, November, 1952, pp. 187-214, 
illus. 5 references. A new high-tempera 
ture plastic discovered at the Atomic 
Energy Research Establishment, Harwell. 

The Future of Plastics in Engineering. 
J. E. Gordon. Aircraft Engineering, Vol 
25, No. 287, January, 19538, pp. 12-15 

Aids in Vulcanization of Lignin-Natural 
Rubber Coprecipitates; Lead, Copper, 
and Bismuth Oxides. T. R. Griffith and 
D. W. MacGregor. IJ/ndustrial and Engi- 
neering Chemistry, Vol. 45, No. 2, February, 
1953, pp. 380-386, illus. 12 references 

Biological Deterioration of Polysulfide 
Polymers Employed as Linings for Gaso- 
line Storage Tanks. Fraser H. Allen and 
Dan Fore, Jr. Industrial and Engineering 
Chemistry, Vol. 45, No. 2, February, 1953, 
pp. 374-377, illus. 3 references. 

Effect of Oxygen Concentration on 
Aging of Rubber Vulcanization. I —Effect 
of Partial Pressure of Oxygen on Rate of 
Oxygen Absorption. Il—Effect of Partial 
Pressure of Oxygen on Changes in Physi- 
cal Properties Accompanying Oxidation. 
J. Reid Shelton and William L. Cox. 
Industrial and Engineering Chemistry, 
Vol. 45, No. 2, February, 1953, pp. 392 
401, illus. 26 references 

Extrusion Plasticity of a Butadiene- 
Acrylonitrile Rubber; Effect of Amide- 
Type Compounds. Arthur W. Campbell 
and Philip F. Tryon. Industrial and Engi- 
neering Chemistry, Vol. 45, No. 1, January, 


1953, pp. 125-130, illus. 24 references. 


ENGINEERING 


Influence of Carbon Black on the Oxi- 
dation of Natural Rubber. G. J. van 
Amerongen. Industrial and Engineering 
Chemistry, Vol. 45, No. 2, February, 1953, 
pp. 377-379, illus. 10 references. 

Physical Properties of Sodium-Cata- 
lyzed Polymers. M. H. Reich, R. E 
Schneider, and W. K. Taft. Industrial 
and Engineering Chemistry, Vol. 44, No. 12, 
December, 1952, pp. 2914-2922, illus. 30 
references. 

Polymerization and Copolymerization 
Reactions with Alfin Catalysts in Relation 
to Masterbatch Preparation. R. A 
Stewart and H. Leverne Williams. IJndus- 
trial and Engineering Chemistry, Vol. 45, 
No. 1, January, 1953, pp. 173-182, illus 
16 references 

Polymerization-Stopping Agents. G. J 
Antlfinger and C. H. Lufter. Industrial 
and Engineering Chemistry, Vol. 45, No. 1, 
January, 1953, pp. 182-186. 13 references 

Products of Oxidation of an Olefin 
Structurally Related to GR-S. G. R 
Mitchell and J. Reid Shelton. Industrial 
and Engineering Chemistry, Vol. 45, No. 2, 
February, 1953, pp. 386-392, illus. 14 
references 

Suspension Polymerization of Styrene. 
Walter S. Kaghan and R. Norris Shreve 
Industrial and Engineering Chemistry, Vol 
45, No. 2, February, 1953, pp. 292-297, 


illus. 18 references 

Ultrasonic-Wave Study of Swollen 
Buna-N Rubber. A. W. Nolle and J. F 
Mifsud. Journal 1pplied Physics, 
Vol. 24, No. 1, January, 1953, pp. 5-14, 
illus. 14 references 


Sandwich Materials 


Aluminum Honeycomb Sandwich Has 
... Light Weight, High Strength, Good 
Stability, Uniform Density. Philip 
O’Keefe. Materials & Methods, Vol. 36, 
No. 6, December, 1952, pp. 96-98, illus 

Composite Metals: A New Key to De- 
sign Flexibility. Jerome Ottmar. Product 
Engineering, Vol. 23, No. 11, November, 
1952, pp. 153-157, illus. Types; applica- 
tions 

Compression Tests on 
board Sandwich Panels. 
Gt. Brit., Aeronautical Research Council, 
Reports and Memoranda No. 2658 
(November, 1946), 1952. 18 pp., illus. 1 
reference. British Information Services, 


New York. $1.25 


Dural-Cellu- 
kK. H. V. Britten. 


Testing 


Combined Tension-Torsion Tests for 
Aluminum Alloy 2S-0. Aris Phillips 
Journal of Applied Physics, Vol. 19, No. 4, 
December, 1952, pp. 496-500, illus. 1 
reference 

Correction of Compressive Test Results 
on Some Aluminium and Magnesium 
Alloys for Material Properties. B. C 
Hoskin and N. B. Joyce. Australia, De 
partment of Supply, Aeronautical Research 


Laboratories, Structures and Materials 
Note No. 199, July, 1952. 17 pp., illus. 3 
references 


Critical Shear Stress and Temperature. 
E. N. da C. Andrade. Philosophical Maga- 
sine, Vol. 43 (7th Series), No. 346, Novem 


ber, 1952, pp. 1218-1221, illus. 12 refer- 
ences. 
The Determination of the Energy 


Stored in a Metal During Plastic Defor- 
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mation. L. M. Clarebrough, M. E. Har 
greaves, D. Michell, and G. W. West 
Royal Society (London), Proceedings, Serie 
A, Mathematical and Physical Sciences, 
Vol. 215, No. 1123, December 22, 1952 
pp. 507-524, illus. 9 references. 

Determination of the Quality of a 
Turned Surface from the Weight of Metal 
Removed during Turning. W. Leyen 
setter. (Verein deutscher Ingenieure, Zeit 
schrift, Vol. 94, No. 25, September 1, 1952 
pp. 825-828.) Engineers’ Digest, Vol. 13 
No. 11, November, 1952, pp. 395, 396, 
illus. 2 references 

The Effect of Mechanical and Electro- 
lytic Polishing on the Micro and Macro 
Hardness of Metals. T. Geiger. (Tech 
nische Rundschau Sulzer, No. 3, 1952, pp 
17-23.) Engineers’ Digest, Vol. 13, No. 12, 
December, 1952, pp. 425-428, illus. 

The Ferrometer, An Apparatus for Test- 
ing the Quality of Steel. I. Svensson 
(Ericsson Review, No. 2, 1952, pp. 49-53 
Engineers’ Digest, Vol. 13, No. 11, Novem 
ber, 1952, pp. 393, 394, 398. 

A New Test for Drawability of Sheet 
Steel. C. B. Buker and J. R. Speer 
S.A.E., Annual Meeting, Detroit, January 
12-16, 1953, Preprint No.5. 12 pp., illus 
3 references 

On the Accuracy of Extrapolated Creep- 
Test Relations for Plexiglas Subjected to 
Various Stresses. Joseph Marin and 
Yoh-Han Pao American Society ot 
Mechanical Engineers, Transactions, Vol 
74, No. 7, October, 1952, pp. 1231-1240, 
illus. 7 references. 

A Review of Standard Tests on Metallic 
Materials. II, II. N.C. Nash. Society 
of Licensed Aircraft Engineers, Journal 
(incorporating The Technical Instructor), 

Vols. 1, 2, Nos. 12, 1, December, 
1952, January, 1958, pp. 11-14; 14-16, 
illus. 3 references. 

The Scanning Electron Microscope and 
the Electron-Optical Examination of Sur- 
faces. D. McMullan. Electronic Engi 
neering, Vol. 25, No. 300, February, 1953, 
pp. 46-50, illus. 13 references. 

Ultrasonic Method of Tire Inspection. 
W. E. Morris, R. B. Stambaugh, and S. D 
Gehman. Review of Scientific Instruments, 
Vol. 23, No. 12, December, 1952, pp. 729 


734, illus. 9 references. 


Mathematics 


The Anomaly of Convex Bodies. R. A 
Rankin. Cambridge Philosophical Society, 
Proceedings, Vol. 49, Part 1, 
1953, pp. 54-58. 4 references. 

Core-Preserving Transformations of a 
Vector Space. F. F. Bonsall. Cambridge 
Philosophical Society, Proceedings, Vol. 49, 
Part 1, January, 1953, pp. 15-25 
ences. 

On a Solution of the Nonlinear Dif- 
ferential Equation for Transonic Flow Past 
a Wave-Shaped Wall. Carl Kaplan 
(U.S., N.A.C.A., Technical Note No. 2 
1951.) U.S., N.A.C.A., Report No. 1069, 
1952. 11 pp., illus. 4 references 
intendent of Documents, 
$0.20 

On Ingham’s Tauberian Theorem for 
Partitions. F.C. Auluck and C. B. Hase! 
grove. Cambridge Philosophical Society, 
Proceedings, Vol. 48, Part 4, October, 1952, 


January, 


5 refer 
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e It takes tough, heat- 
resistant bolts to withstand 
the temperatures of mod- 
ern jetengines. Today, The 
H. M. Harper Company is 
manufacturing fastenings 
of such modern high tem- 
perature alloys as Disc- 
aloy, Refractaloy, A-286, 
and stainless steel. If you 
require fastenings to with- 
stand high temperatures, 
corrosion, excessive wear, 
or other extreme condi- 
tions, call Harper. Infor- 
mation on request. 


THE H. M. HARPER COMPANY 
AERO DIVISION 

8282 Lehigh Avenue 

Morton Grove, Illinois 


Specialists in 
High Temperature 
Fastenings of 
REFRACTALOY 
A-286 

INCONEL 
DISCALOY 
HASTELLOY 
19-9-DL 

GREEK ASCALLOY 
TITANIUM 
STAINLESS STEEL 


DIVISION 


ENGINEERING 


A COMPLETE MEDIA PACKAGE 
FOR YOUR 


Aviation Marketing Program 


AERONAUTICAL 
ENGINEERING 
REVIEW 


For your monthly advertis- 
ing message to the aircraft 
industry's engineering and 
design personnel—the men 
who influence buying. 
AVIATION 
MARKET 
BOOK 
Now Available! 
24 pages of FACTS on your 
market and REVIEW. 


Write for free copy 
TODAY! 


OFFICIAL PUBLICATIONS 


2 East 64th Street 


AERONAUTICAL 
ENGINEERING 
CATALOG 


Prefiles and distributes your 
aircraft products catalog to 
aviation's buyers and speci- 
fiers. 


7,000 copies are distributed 
annually to aircraft engi- 
neers, designers, techni- 
cians and purchasing agents 
in all leading aircraft, engine 
and parts companies, Gov- 
ernment aviation depart- 
ments and leading air lines. 


Write for your free copy of 
12-page MARKET BOOK 
giving full details. 


INSTITUTE OF THE AERONAUTICAL SCIENCES 


New York 21, N. Y. 
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/ The Finest ™% 


/ ELECTRICAL \ 
| CONNECTOR } 


\ MONEY CAN y, 
\ 


YOU PEAK PROTECTION 
AGAINST CIRCUIT FAILURE 


When operating conditions demand an electrical 
connector that will stand up under the most rugged 
requirements, always choose Bendix Scinflex Elec- 
trical Connectors. The insert material, an exclusive 
Bendix development, is one of our contributions to 
the electrical connector industry. The dielectric 
strength remains well above requirements within 
the temperature range of —67°F to +275°F. It makes 
possible a design increasing resistance to flashover 
and creepage. It withstands maximum conditions 
of current and voltage without breakdown. But 
that is only part of the story. It’s also the reason 
why they are vibration-proof and moisture-proof. 
So, naturally, it pays to specify Bendix Scinflex 
Connectors and get this extra protection. Our sales 
department will be glad to furnish complete infor- 
mation on request. 


Moisture-Proof Radio Quiet Single Piece Inserts Vibration-Proof « 
Light Weight e High Insulation Resistance ¢ High Resistance to Fuels 
and Oils Fungus Resistant Easy Assembly and Disassembly 
Fewer Parts than any other Connector ¢ No additional solder required. 


BENDIX SCINFLEX 


ELECTRICAL CONNECTORS 


SCINTILLA MAGNETO DIVISION of 


SIDNEY, NEW YORK 


AVIATION CORPORATION 
Export Sales: Bendix International Division, 72 Fifth Avenue, New York 11, N. Y. 
FACTORY BRANCH OFFICES: 118 E. Providencia Ave., Burbank, Calif. © Steph 
Bidg., 6560 Cass Ave., Detroit 2, Michigan ® Brouwer Bldg., 176 W. Wisconsin 
Avenue, NV ilwaukee, Wisconsin © 582 Market Street, San Francisco 4, California 
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pp. 566-570. 3 references. Extension of 
range of validity. 

On Markov Chains with an Enumerable 
Infinity of States. F. G. Foster. Cam- 
bridge Philosophical Society, Proceedings, 
Vol. 48, Part 4, October, 1952, pp. 587 
591. 4 references. 

On Measure of Sum Sets. II-—The 
Sum-Theorem for the Torus. A. M 
Macheath. Cambridge Philosophical Soci- 
ety, Proceedings, Vol. 49, Part 1, January, 
1953, pp. 40-43. 7 references. 

On the Decimal Representation of 
Integers. M. P. Drazin and J. Stanley 
Griffith. Cambridge Philosophical Society, 
Proceedings, Vol. 48, Part 4, October, 
1952, pp. 555-565. 7 references. 

On the Homomorphisms of Sequences. 
W.H. Cockcroft. Cambridge Philosophical 
Society, Proceedings, Vol. 48, Part 4, 
October, 1952, pp. 521-532. 3 references. 

A Problem Concerning Three-Dimen- 
sional Convex Bodies. R. A. Rankin. 
Cambridge Philosophical Society, Proceed- 
ings, Vol. 49, Part 1, January, 1953, pp. 
44-53. 22 references. 

Some Generalizations of Two-Point 
Expansions. Sheila Scott MacIntyre. 
Cambridge Philosophical Society, Proceed- 
ings, Vol. 48, Part 4, October, 1952, pp. 
583-586. 9 references. 

Algebras Which Represent Their Linear 
Functionals. F. F. Bonsall and A. W. 
Goldie. Cambridge Philosophical Society, 
Proceedings, Vol. 49, Part 1, January, 
1953, pp. 1-14. 8 references. 

An Integral of Hypergeometric Type. 
L. J. Slater. Cambridge Philosophical 
Society, Proceedings, Vol. 48, Part 4, Octo 
ber, 1952, pp. 578-582. 2 references. 

Isolated Minima of the Product of n 
Linear Forms. E. S. Barnes. Cambridge 
Philosophical Society, Proceedings, Vol. 49, 
January, 1953, pp. 59-62. 2 references. 

On a General Method of Solving 
Second-Order Ordinary Differential Equa- 
tions by Phase-Plane Displacements. 
L. S. Jacobsen. Journal of Applied 
Mechanics, Vol. 19, No. 4, December, 
1952, pp. 548-553, illus. 9 references. 

On Positive Harmonic Functions. A.C. 
Allen. Cambridge Philosophical Society, 
Proceedings, Vol. 48, Part 4, October, 
1952, pp. 571-577. 3 references. 

Some Properties of Legendre Functions. 
J. C. Cooke Cambridge Philosophical 
Society, Proceedings, Vol. 49, Part 1, 
January, 1953, pp. 162-164. 4 references. 

Beitrage zur Kenntnis des Biorthog- 
onalisierungs-Algorithmus von Lanczos. 
Heinz Rutishauser. Zeitschrift ftir ange- 
wandte Mathematik und Physik, Vol. 4, 
January 15, 1953, pp. 85-56, illus. 11 
references. In German. Review of essen- 
tial points of Lanczos’ orthogonalization 
procedure for the determination of the 
eigenvalues of a real, but otherwise general, 
matrix. 

An Example of a Divergent Perturbation 
Expansion in Field Theory. C. A. Hurst. 
Cambridge Philosophical Society, Proceed- 
ings, Vol. 48, Part 4, October, 1952, pp. 
625-639. 10 references. Theoretical in- 
vestigation of the convergence of the S 
matrix. 

Large-Sample Theory of Sequential 
Estimation. F. J. Anscombe. Cambridge 
Philosophical Society, Proceedings, Vol. 48, 
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Part 4, October, 1952, pp. 600-607. 6 
references. 

On Partitions of Bipartite Numbers. 
F. C. Auluck. Cambridge Philosophical 
Society, Proceedings, Vol. 49, Part 1, Janu- 
ary, 1953, pp. 72-83. 7 references. 

Statistical Aspects of Dynamic Loads. 
Y. C. Fung. Institute of the Aeronautical 
Sciences, Preprint No. 376, 1952. 23 pp., 
illus. 21 references. Members, $0.65; 
nonmembers, $1.00 

Statistical Mechanics and the Partition 
of Numbers. II—The Form of Crystal 
Surfaces. H. N. V. Temperley. Cam- 
bridge Philosophical Society, Proceedings, 
Vol. 48, Part 4, October, 1952, pp. 683 
697, illus. 10 references 

Tauberian Theory for the Asymptotic 
Forms of Statistical Frequency Functions. 
J. M. Hammersley. Cambridge Philosophi- 
cal Society, Proceedings, Vol. 48, Part 4, 
October, 1952, pp. 592-599. 10 refer- 
ences 


Meteorology 


Aviation Weather and the Weather 
Map. III, IV. Peter E. Kraght. Busi- 
ness Flying, Vol. 1, Nos. 5, 6, January, 
February, 1953, pp. 14, 15; 14, 15, illus 
1 reference. 

Meteorology and Aviation. N. L 
Veranneman. W4A1/O Bulletin, Vol. 2, No. 
1, January, 1953, pp. 20-25, illus. Survey 
of recent developments 

Apparatus for Controlled Atmosphere 
Research. George R. Thomas and 
Norman N. Lichtin. Review of Scientific 
Instruments, Vol. 23, No. 12, December, 
1952, pp. 738-740, illus. Air Force Cam- 
bridge Research Laboratories sponsorship 

Infra-Red Solar Spectroscopy in a High- 
Altitude Aircraft. J. Yarnell and R. M 


Goody. Journal of Scientific Instruments, 
Vol. 29, No. 11, November, 1952, pp. 352 
357, illus. 5. references Cavendish 


Laboratory research 

Measurement of Tropospheric Index- 
of-Refraction Fluctuations and Profiles. 
C. M. Crain, A. P. Deam, and J. R. Ger- 
hardt. Institute of Radio Engineers, Pro- 
ceedings, Vol. 41, No. 2, February, 1953, 
pp. 284-290, illus. 10 references. Lake 
hurst Naval Air Station and Wright 
Patterson A.F.B. studies 

Rocket Upper Air Research. Homer E. 
Newell, Jr., and Joseph W. Siry. A mert- 
can Rocket Society, Journal, Vol. 23, No. 1, 
January-February, 1953, pp. 7-18, illus 
34 references. Equipment, techniques, 
measurements, and observations. 


Military Aviation 


Air Power and New Weapons. Gen 
Hoyt S. Vandenburg. Aeronautical Engi- 
neering Review, Vol. 12, No. 4, April, 1953, 
pp. 18, 19, 82, 144, illus 


Missiles 


F-M Recording in Guided Missiles. 
Albert A. Gerlach. Electronics, Vol. 26, 
No. 1, January, 1953, pp. 108-111, illus. 
3 references. 

Guided Missile Data Recording. James 
B. Wynn, Jr., and Sam L. Ackerman. 
Radio & Television News, Radio-Electronic 


Engineering Section, Vol. 49, No. 2, Febru- 
ary, 1953, pp. 3-5, 28, 29, illus. At Air 
Force Missile Test Center, Patrick A.F.B., 
Florida. 

Reliability Analysis of Modern 
Weapons. Max M. Munk. Aero Digest, 
Vol. 65, No. 5, November, 1952, pp. 101- 
108, illus. Guided missile design evalua- 
tion. 

Vertical Entry of Missiles into Water. 
Albert May. Journal of Applied Physics, 
Vol. 23, No. 12, December, 1952, pp. 1362- 
1372, illus. 9 references. 

Wing-Body Interference Effects on the 
Tail Contribution to the Damping-in-Roll 
of Supersonic Missiles. Harold F. Stein- 
metz. Institute of the Aeronautical Sci- 
ences, Preprint No. 384, 1952. 11 pp., illus. 
4 references. Members, $0.35; nonmem- 
bers, $0.75 


Ordnance & Armament 


The Aircraft Gun Problem; Should the 
Rifle or Shotgun Principle of Fire Prevail? 
René R. Studler. Ordnance, Vol. 37, No. 
194, September—October, 1952, pp. 256- 
260, illus. 

The Systems Approach to Air Weapons 
Development. D. L. Putt. S.A.E., 
Annual Meeting, Detroit, January 12-16, 
1953, Preprint No. 39. 7 pp. 


Photography 


Image Motion in Air Photography. 
Duncan E. Macdonald. Photogrammetric 
Engineering, Vol. 18, No. 5, December, 
1952, pp. 791-817, illus. 5 references 

An _ Interferometer-Schlieren Instru- 
ment for Aerodynamic Investigations. 
Robert E. Blue and John L. Pollack. Re- 
view of Scientific Instruments, Vol. 23, No. 
12, December, 1952, pp. 754, 755, illus. 2 
references. 

Free Surface Properties of Explosive- 
Driven Metal Plates. R. G. Shreffler and 
W. E. Deal. Journal of Applied Physics, 
Vol. 24, No. 1, January, 1953, pp. 44-48, 
illus. 2 references Experiment using 
photographic technique. 

Photography in the Rocket-Test Pro- 
gram. Carlos H. Elmer. Photogrammetric 
Engineering, Vol. 18, No. 4, September, 
1952, pp. 686-692, illus. 


Physics 


Conformal Transformations and Kine- 
matical Relativity. D. E. Littlewood. 
Cambridge Philosophical Society, Proceed- 
ings, Vol. 49, Part 1, January, 1953, pp. 
90-96. 3 references. 

Elastic Wave Propagation in Solid 
Media. Robert A. Mapleton. Journal of 
A pplied Physics, Vol. 23, No. 12, Decem- 
ber, 1952, 1346-1354, illus. 7 references. 

Removal of an Inconsistency in the 
Theory of Diffraction. D.S. Jones. Cam- 
bridge Philosophical Society, Proceedings, 
Vol. 48, Part 4, October, 1952, pp. 733- 
741, illus. 3 references. Application to 
wave problems. 

Steady States and the S-Matrix. J. 
Hamilton. Cambridge Philosophical Soci- 
ety, Proceedings, Vol. 49, Part 1, January, 
1953, pp. 97-102, illus. 8 references. 
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TO INDICATE aircraft position with 
no ground-to-air communication 


Combat mission . . . or freight flight . . . now we are working 
to help the pilot locate his position without a radio beacon 


— merely by equipment right in the cockpit of his plane! 
Thanks to a Ford Instrument Company design, develop- 
ment and manufacture . . . another step is being taken toward 
greater flying safety. 

This is typical of the problems that Ford has been given 


You can see why a job with Ford Instrument offers young 
engineers a challenge. If you can qualify, there may be 
@ spot for you in automatic control development at Ford. 
Write for brochure about products or job opportunities. 
State your preference. 


by the Armed Forces since 1915. For from the vast engineer- 
ing and production facilities of the Ford Instrument Com- 
pany, come the mechanical, hydraulic, electro-mechanical, 


magnetic and electronic instruments that bring us our “to- 
morrows” today. Control problems of both Industry and the 
Military are Ford specialties. 


FORD INSTRUMENT COMPANY 


DIVISION OF THE SPERRY CORPORATION 
31-10 Thomson Avenue, Long Island City 1, N. Y. 


Where?! © 
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ENGINEERS 
AND 


SCIENTISTS 


You are invited to write regard- 
ing long-range projects at North- 
rop Aircraft, Inc. Exceptional op- 
portunities now exist to join the 
company’s engineering and scien- 
tific staff. If qualified, you may 
select important developmental 
work, or equally vital production 
engineering. 

Examples of positions open: 
BOUNDARY LAYER RESEARCH 
SCIENTISTS 
ELECTRONIC PROJECT ENGINEERS 
ELECTRONIC INSTRUMENTATION 
ENGINEERS 
RADAR ENGINEERS 
FLIGHT-TEST ENGINEERS 
STRESS ENGINEERS 
AERO- AND THERMODYNAMICISTS 
SERVO-MECHANISTS 


POWER-PLANT INSTALLATION 
DESIGNERS 


STRUCTURAL DESIGNERS 
ELECTRO-MECHANICAL DESIGNERS 


ELECTRICAL INSTALLATION 
DESIGNERS 


ENGINEERING DRAWING CHECKERS 


Qualified engineers and scientists 
who wish to locate permanently 
in Southern California are invited 
to write for further information 
regarding these interesting, long- 
range positions. Include an out- 
line of your experience and train- 
ing. Allowance for travel expenses. 


Address correspondence to 


Director of Engineering, 
Northrop Aircraft, Inc. 
1005 E. Broadway, Hawthorne, Calif. 
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Current Flow in Cylinders. W. R 
Smythe. Journal of Applied Physics, 
Vol. 24, No. 1, January, 1953, pp. 70-73, 
illus. 6 references 

The Electromagnetic Field of a Rotating 
Uniformly Magnetized Sphere. Alfredo 
Banos, Jr., and Robert K. Golden. Jour 
nal of Applied Physics, Vol. 23, No. 12, 
December, 1952, pp. 1294-1299, illus. 17 
references 

Experimental Investigation of the Diffu- 
sion of Slow Electrons in Nitrogen and 
Hydrogen. R. W. Crompton and D. J 
Sutton. Royal Society (London), Proceed 
ings, Series A, Mathematical and Physical 
Sciences, Vol. 215, No. 1123, December 22, 
1952, pp. 467-480, illus. 6 references 

Forces Acting on Superconductors in 
Magnetic Fields. I. Simon 
Applied Physics, Vol. 24, No 


Journal of 
1, January, 


1953, pp. 19-24, illus 12 references 
Analogy with hydrodynamics 
Magnetic Resonance. I— Nuclear 


Magnetic Resonance. Karl kK. Darrow 
Bell System Technical Journal, Vol. 32, 
No. 1, January, 1953, pp. 74-99, illus. 1 
reference 

The Mean Lifetime and Frequency of 
Production of Charged V-Particles. K.H 
Barker, C. C. Butler, M. G Sowerby, and 
M. York Philosophi 
43 (7th Series), No. 346, November, 1952, 
pp. 1201-1209, illus. 13 references 

A New Determination of h/V(em)) by 
Electron Diffraction. T. B 
K.H.R. Wright. Roya 
Proceedings, Series <A, 
Physical Sciences, Vol 
December 22, 1952, pp 
references. 

Nonlinear Analysis of Electro-Mechani- 
cal Problems. Y.H. Ku. Franklin Insti- 
tute, Journal, Vol. 255, No. 1, January, 
1953, pp. 9-31, illus. 9 references 

The Quantum Mechanics of Collisions 
Between Diatomic Molecules. C. F 
Curtiss Wisconsin, Un Naval 
Research Laboratory, Department of Chem 
istry, Report No. OOR-4, January 30, 1953 
23 pp., illus. 3 references 

Real and Virtual Processes in Quantum 
Electrodynamics. J. Hamilton 
bridge Philosophical Society, 
Vol. 48, Part 4, October, 
651, illus. 6 references 

The Separation of the Rotation Co- 
ordinate from the N-Particle Schroedinger 
Equation, II. C. F. Curtiss 
University, Naval Research 
Department of Chemistry, 
OOR-2, December 2, 1952 
5 references 

Diffusion of Gases Through Solids. 
Francis J. Norton. General Electric Re 
view, Vol. 55, No. 5, September, 1952, pp. 
2s, 29, illus 

Gas Absorption; Absorption of Carbon 
Dioxide from Air by Sodium and Potas- 
sium MHydroxides. Harold A. Blum, 
Leroy F. Stutzman, and Wayne S. Dodds 
Industrial and Engineering Chemistry, Vol 
44, No. 12, 1952, pp. 2969 
2974, illus. 25 references 

The Isotherms of an Imperfect Gas. D 
ter Haar. Cambridge P 
Proceedings, Vol. 49, Part 1, 
1953, pp. 130-135. 138 references. 

The Kinetic Theory of Dense Gases. 
C. F. Curtiss Wisconsin, 


Vagazine, Vol 


Rymer and 
Society (London), 
Vathematical and 
215, No. 1123, 
990-564, illus. 17 


versity, 


Cam 
Proc eedings, 
1952, pp. 640 


Wisconsin, 
Laboratory, 
Re port No 
53 pp., illus 


December, 


hilosophical Society, 
January, 


University, 


REVIEW 
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Naval Research Laboratory, Department o 
Chemistry, Report No. OOR-3, January 28, 
1953. 46 pp., illus. 4 references. 

Motion of Gaseous Ions in Strong Elec- 
tric Fields. Gregory H. Wannier. Bel 
System Technical Journal, Vol. 32, No. 1, 
January, 1953, pp. 170-254, illus. 20 refer 
ences 

The Temperature Dependence of the 
Mutual Diffusion Coefficient for Four 
Gaseous Systems. Roger A. Strehlow 
Wisconsin, University, Naval Research 
Laboratory, Department of Chemistry, Re 
port No. CN-776, February 9, 1953. 20 
pp., illus. 13 references. 


Power Plants 


Laboratory and Field Wear Tests Using 
Radioactive Traces. H. R. Jackson 
S.A.E., Summer Meeting, Atlantic City, 
N.J., June 1-6, 1952, Preprint No. 777E 


5 pp., illus. Lubrication and engine-wear 
studies 
Wear Measurements by Physical, 


Chemical or Radioactivity Methods. C.C 
Moore and W. L. Kent. S.A.E., Summer 
Meeting, Atlantic City, N.J., June 1-4, 
1952, Preprint No. 777C Engine 
wear research. 


3 pp 


Jet & Turbine 


Gas-Turbine Progress Report —1952. 
American Society of Mechanical Engineers, 
Transactions, Vol. 75, No. 2, 
1953, pp. 121-234, illus. 
Partial Contents: Gas Turbines in Our 
Century, Claude Seippel. Materials, 
Cooling, and Fuels, A. A. Hafer. Cycle 
Components, P. F. Martinuzzi. Automo 
tive, F. L. Schwartz. Aviation, I. H 
Driggs and O. E. Lancaster. 

The Marine Gas-Turbine from the 
Viewpoint of an Aeronautical Engineer. 
A. Holmes Fletcher. Institution of Ae 
chanical Engineers, Proceedings (A), Vol 
166, No. 2, 1952, pp. 237-244; Discussion, 
pp. 245-259, illus. 10 references. 

Research and the Gas Turbine. Hayne 
Constant. (21st Andrew Laing Lecture. } 
The Engineer, Vol. 195, No. 5062, January 
30, 1953, pp. 186-188, illus. Abridged 

Some Investigations into the Design of 
Wind Tunnels with Gas Turbine Jet 
Engine Drives. H. J. Higgs. Gt. Brit., 
Aeronautical Research Council, Current 
Papers No. 107 (May, 1950), 1953, 8&3 
pp., illus. 19 references. British Informa 
tion Services, New York. $3.75. Jet 
engine induction and suction pump char 
acteristics 

An Energy Basis for Comparison of 
Performance of Combustion Chambers. 
J. B. Nichols. American Society of Me 
chanical Engineers, Transactions, Vol. 75, 
No. 1, Section 1, January, 1953, pp. 29-33, 
illus 

Fast Thermocouples as Control-System 
Elements Sensing Exhaust-Gas Tempera- 
tures in Aircraft Gas Turbines. J. S 
Alford and C. R. Heising. American Soci 
ety of Mechanical Engineers, Transactions, 
Vol. 75, No. 1, Section 1, January, 1953, 
pp. 7-14, illus. 5 references. 

Performance Calculations for a Double- 
compound Turbo-jet Engine of 12:1 De- 
sign Compressor Pressure Ratio. D. H 
Mallinson and W. G. E. Lewis. Gt. Brit., 


February, 
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leronautical Research Council, Reports and 
Vemoranda No. 2645 (November, 1947), 
1952. 29 pp., illus. 5 references. British 
Information Services, New York. $1.80 

Instrumentation for Axial-Flow-Com- 
pressor Research. C. A. Meyer and R. P 
Benedict. .4merican Society of Mechanical 
Engineers, Transactions, Vol. 74, No. 8, 
November, 1952, pp. 1827-1336, illus. 25 
references 

Radial-Flow Compressors and Turbines 
for the Simple Small Gas Turbine. L. R 
Wosika American Soc tety of Mechanical 
Engineers, Transactions, Vol. 74, No. 8, 
November, 1952, pp. 1837-1845; Discus 
sion, pp. 13845-1347, illus. 28 references 

A Rotary Compressor with Inbuilt 
Compression. I). W. Tryhorn The 
Engineer, Vol. 195, No. 5062, January 30, 
1953, pp. 170, 171, illus. Development by 
the British Internal Combustion Engine 
Research Association 

A Simple Method of Determining Gas 
Turbine Combustor Efficiences. J]. E 
Williams. Australia, Department of Sup 
ply, -leronautical Research Laboratories, 
Engines Note No. 164, July, 1952. 18 pp., 
illus. 4 references 

Cost Savings By Component Replace- 
ment in Line Maintenance. Charles E 
Dixon. S.A.E., Annual Meeting, Detroit, 
January 12-19, 1953, Preprint No. 35. 7 
pp., illus. Turbine aspects 

A Clearanceometer for Determining 
Blade-Tip Clearances of Axial-Flow Com- 
pressors. A. W. Brunot and R. O. Fultou 
American Society of Mechanical Engineers, 
Transactions, Vol. 75, No. 1, Section 1, 
January, 1953, pp. 1-6, illus 

Measurement of Blade-Tip Clearances 
in Aircraft Turbines. I. A. Mossop and 
F. D. Gill. The Engineer, Vol. 195, No 
5065, February 20, 1958, pp. 291, 292, illus 

A Method of Estimating Optimum Tur- 
bine Operating Conditions for a Range of 
Nozzle and Blade Angles. E. Duncombe 
(Canada, National Research Council, Divi 
sion of Mechanical Engineering, Report 
No. MT-13, June, 1950.) Canada, Na 
tional Aeronautical Establishment, Report 
Vo. 17, 1952. 29 pp., illus. 7 references 

The Natural Frequencies of Vibration of 
Prismatic Blades with Particular Refer- 
ence to a 12-stage Turbine. R. Chaplin 
Gt. Brit., Aeronautical Research Council, 
Current Papers No. 95 (July, 1951), 1952 
25 pp., illus. 5 references. British Infor 
mation Services, New York. $1.25 


Reciprocating 


Engineering Piston Ring Expanders for 
Maximum Performance and Life. 
Douglas W. Hamm and Kenneth J 
Nisper. S.A.E., Summer Meeting, Atlantic 
City, N.J., June 1-6, 1952, Preprint No 
23 pp., illus. 

Fuel Handling Accessories for Aircraft. 
U.S., National Bureau of Standards, Sum- 
mary Technical Report No. 1742, January, 
1953. 6 pp. 2 references. Navy BuAer 
ind N.B.S. carburetion investigations. 

The Sherman Slant Mechanism Air- 
craft Diesel Oil Engine. A Craigon 
Canadian Aviation, Vol. 26, No. 1, Janu 
ary, 1953, pp. 34, 36, 66, 68, illus 

Torsional Vibration in Aircraft Power 
Plants: Methods of Calculation. I 
Introduction and General Comments. 
II -Practical Treatment of the General 
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Northrop administrators think in years-ahead terms. 
They keep the company’s busy creative and productive 


organization in efhicient motion. 


Alert administration, teamed with scientific and productive 
capacity, is Northrop Aircraft’s invaluable constant—an unvarying 
factor in low-cost output of aircraft, target aircraft, 
missiles, optical devices, and other Northrop products. 
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Problem. III—Practical Calculations for 
a Typical 12-Cylinder Vee engine. B. C. 
Carter. Gt. Brit., Aeronautical Research 
Council, Reports and Memoranda No. 2739 
(September, 1937), 1952. 63 pp., illus. 
29 references. British Information Serv- 
ices, New York. $3.75. 


Rocket 


Air Temperature Near a Rocket Motor 
Exhaust Flame. W. W. Balwanz and 
F. E. Wyman. U.S., Naval Research 
Laboratory, Report No. 4076, November 
26, 1952. 7 pp., illus. 10 references. 


Liquid Propellant Rocket Motors. I— 


Theory. B. R. Diplock. II—Design. 
D. L. Lofts. UI—Development. R. A. 
Grimston. Royal Aeronautical Society, 


Journal, Vol. 57, No. 505, January, 1953, 
pp. 19-28, illus. 


Production 


Problems of Aircraft Production. I 
Designing for Production. Paper 1. 
R. W. Walker. Paper 2. A. E. Russell. 
Aircraft Engineering, Vol. 25, No. 228, 
February, 1953, pp. 35-42. 

Review of U.S. Aviation During the 
Past Year Plus 1953 Production Forecast. 
DeWitt C. Ramsey. Canadian Aviation, 
Vol. 26, No. 1, January, 1953, pp. 44-46, 
53-57. 

Skins from the Solid; Some Notes on 
Recent Developments in the Production of 
Wing Structures. Aircraft Engineer, Vol. 
24, No. 286, December, 1952, pp. 361-363, 
illus. 

Canberra Conversion. R. S. Williams. 
Aero Digest, Vol. 65, No. 5, November, 
1952, pp. 23-25, illus. U.S. production 
by The Glenn L. Martin Co. 

Electric Glass Welding. M. R. Shaw. 
Electrical Engineering, Vol. 72, No. 1 
January, 1953, pp. 31-34, illus. 
ences. 

Constructor and Operator; Value of 
Early and Continued Liaison: The 
B.E.A. Viscounts as an Example. R. C. 
Morgan. Flight, Vol. 63, No. 2295, Janu- 
ary 16, 1953, pp. 69-72, illus. 

Mechanics of the Learning Curve. 
W. A. Raborg, Jr. Aero Digest, Vol. 65, 
No. 5, November, 1952, pp. 17-21, illus. 
Theory; application to aircraft production. 


7 refer- 


Metalworking 


Development, Principles, and Applica- 
tions of Interrupted Quench Hardening. 
Richard F. Harvey. Franklin Institute, 
Journal, Vol. 255, No. 2, February, 1953, 
pp. 93-99, illus. 10 references. 

The Shear-Angle Relationship in Metal 
Cutting. M.C. Shaw, N. H. Cook, and I. 
Finnie. American Society of Mechanical 
Engineers, Transactions, Vol. 75, No. 2, 
February, 1953, pp. 273-283; Discussion, 
pp. 283-288, illus. 25 references. 

Versatile Fixtures for High Production 
Gas Carburizing. T. A. Frischman. 
Materials & Methods, Vol. 36, No. 6, 
December, 1952, pp. 109-111, illus. 

Elimination of Residual Stresses in 
Castings by means of Local Induction 
Heating. Y. A. Smolyanitzkyi. (Vestnik 
Mashinostroyenya, No. 10, 1951, pp. 55- 
58.) Engineers’ Digest, Vol. 14, No. 1, 
January, 1953, pp. 22-24, illus. 
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Titanium and Zirconium Castings Now 
Practicable. W. E. Kuhn. Materials & 
Methods, Vol. 36, No. 6, December, 1952, 
pp. 94, 95, illus. 3 references. 

Where Shell Mold Castings Stand 
Today. Kenneth Rose Materials & 
Methods, Vol. 37, No. 1, January, 1953, 
pp. 73-77, illus. 

The Significance of the Thermal Num- 
ber in Metal Machining. B. T. Chao and 
K. J. Trigger American Society of 
Mechanical Engineers, Transactions, Vol. 
75, No. 1, January, 1953, pp. 109-115; 
Discussion, pp. 115-120, illus. 
ences. 

Which Method to Evaluate Surface 
Roughness? Irwin Goldman. Materials 
& Methods, Vol. 36, No. 6, December, 
1952, pp. 89-93, illus. 2 references. 

Frequency Changer for Resistance 
Welding. M.E. Bivens. Electronics, Vol. 
26, No. 1, February, 1953, pp. 108-114, 
illus. 4 references 

Investigation of Thermal Processes in 
Spot Welding by means of Models. D. S. 
Balkovetz. (Avtogennoye Dyelo, No. 38, 
1952, pp. 13-16.) Engineers’ Digest, Vol 
13, No. 11, November, 1952, pp. 374-376, 
illus. 

Resistance Welding of Aircraft Struc- 
tures. John Starr. Aero Digest, Vol. 65, 
No. 6, December, 1952, pp. 50-58, illus. 

The Technology of Automatic Welding 
in the Soviet Union. I, II, III. J. Mannin. 
Engineers’ Digest, Vols. 13, 14, Nos. 11, 
12, 1, November, December, 1952, Janu- 
ary, 1953, pp. 387-392; 409-411, 438-440; 
14-17, illus. 
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Tooling 


The Coordinate Setting Machine. Aero 
Digest, Vol. 66, No. 1, January, 1953, pp 
26-32, illus., cutaway drawing. Optical 
tooling equipment. 

Cutting Forces and Temperatures when 
Milling with Carbide Cutters. H. Opitz 
and J. Kob. Engineers’ Digest, Vol. 13, 
No. 12, December, 1952, pp. 421-424, illus. 
6 references. 

Machine Tools in Aviation. Tell Berna. 
Aero Digest, Vol. 66, No. 1, January, 1953, 
pp. 17-19, illus. 

Plastic Tooling Comes of Age. L. R. 
Miller. Aero Digest, Vol. 66, No. 1, Janu- 
ary, 1953, pp. 37—40, illus 

Pressing Business. Fred Hamlin. 
Aero Digest, Vol. 66, No. 1, January, 1953, 
pp. 20-25, illus. U.S.A.F 
program. 

Templates of Detail Profiles Promote 
Drafting Efficiency. Morrie Harper and 
M. G. Casady. Product Engineering, Vol. 
23, No. 11, November, 1952, pp. 178-180, 
illus. Methods used at Douglas Aircraft 
Co. 
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Propellers 


Aerodynamic Characteristics of a Two- 
Blade NACA 10-(3)(062)-045 Propeller 
and of a Two-Blade NACA 10-(3)(08)-045 
Propeller. William Solomon. 
N.A.C.A., Technical Note No. 2881, Janu- 
ary, 1953. 53 pp., illus. 6 references. 

Sound from a Two-Blade Propeller at 
Supersonic Tip Speeds. Harvey H. Hub- 
bard and Leslie W. Lassiter. (U.S., 
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MAY, 1953 


N.A.C.A., Research Memorandum No 
L51C27, 1951.) U.S., N.A.C.A., Report 
No. 1079, 1952. 9 pp., illus. 5 references 


Reference Works 


Fluid Dynamics. Murray Weintraub 
and Max Leva. Industrial and Engineer- 
ing Chemistry, Vol. 45, No. 1, January, 
1953, pp. 74-82. 299 references. Review 
of literature and developments for 1951 
1952. 

List of Current Papers Published by the 
Aeronautical Research Council, Nos. 51 
100. Gt. Brit., Aeronautical Research 
Council, Current Papers No. 100, August, 
1952. 5 pp. British Information Serv 
ices, New York. $0.35. 

Standards on Receivers: Definitions 
of Terms, 1952. Institute of Radio Engi 
neers, Proceedings, Vol. 40, No. 12, Decem 
ber, 1952, pp. 1681-1685. 


Rotating Wing Aircraft 


Airworthiness Requirements and the 
Fatigue of Helicopters; Author’s Reply to 
W. A. P. Fisher’s Comments. J. Shapiro 
Aircraft Engineering, Vol. 24, No. 286, 
December, 1952, pp. 376, 377. 

The Helicopter in Free Ground Vibra- 
tion; The Theoretical Determination of 
Natural Frequencies and Hub Charac- 
teristics of A Single Rotor Helicopter in 
Free Ground Vibration. B. Saravanos 
Aircraft Engineering, Vol. 24, No. 286, 
December, 1952, pp. 356-360, illus. 1 
reference 

Helicopter Review. Flight, Vol. 63, No 
2296, January 23, 1953, pp. 90-128, 
illus., cutaway drawings. Partial con 
tents: Background to the Helicopter, 
Rotor Systems Defined ...; The Rise of 
the Helicopter; Progress in Britain and 
the Autogiro’s Share, Reginald Brie. The 
Army and the Helicopter, O. L. L. Fitz 
williams. U.S. Civil Helicopter Opera 
tion. The World’s Helicopters. Leonides 
and Bombardier. The Helicopter in Prac 
tice, B. H. Arkell. B.E.A.’s Helicopter 
Unit; A Brief History of its Development, 
G. S$. Hislop. Commercial-Helicopter 
Economics 

Introduction to Convertible Aircraft. 
Noah C. New. Aero Digest, Vol. 65, No. 5, 
November, 1952, pp. 48-58, illus 


Power Plants 


Characteristics of the Two-Shaft Gas 
Turbine in Helicopters. William B 
Anderson. S.A.E., Annual Meeting, 
Detroit, January 12-16, 1953, Preprint 
No. 24. 10 pp., illus. 3 references. 

Design Considerations for a Helicopter 
Gas Turbine Powerplant. J. L. Koetting 
and Leon R. Wosika. S.A.E., Annual 
Meeting, Detroit, January 12-16, 1953, 
Preprint No. 23. 11 pp., illus. 2 refer- 
ences. 

Helicopter Power Requirements Neces- 
sitate Tight Limits on Engine Power Con- 
trols. Robert Bradham and John S. Kerr 
S.A.E., Annual Meeting, Detroit, January 
12-16, 1953, Preprint No. 20. 4 pp., illus 

The Reciprocating Engine in the Heli- 
copter. J. J. Shields and J. T. Bowling. 
S.A.E., Annual Meeting, Detroit, January 
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TRACING CLOTH 


Imperial is known in drafting rooms 
all over the world as the traditional 
quality tracing cloth. 

With the background of decades of 
experience, its makers have pioneered 
in modern improvements to maintain 
Imperial as the finest tracing cloth made. 


rae vas PULSESCODE 


MODEL S-5-A 


Weight 60 Ibs. 
13” x 16” x 14” 


Video amplifier up to 11 mc. . . Video 
Delay 0.55 us Pulse rise and fall 
time better than ee Ti Video 
sensitivity 0. lvpto Sweep! .2 
us to 120,000 us with. 10 to 1 sweep 
expansion . Sweep triggered or 
repetitive Internal markers syn- 
chronized with sweep from 0.2 ys to 
500 us Trigger generator with out 
put available externally Built in 
precision amplitude calibrator. . 

Combination case Operates on 50 
to 1000 cycles at 115V AC 


BY WATERMAN 


Another Waterman first, a com- 
pact, portable wide band pass labo- 
ratory oscilloscope with markers that 
are triggered in synchronism with the 
incoming signal. Ideal for pulse meas- 
urements, such as shape, amplitude, 
duration and time displacement. $-5-A 
LAB PULSESCOPE is adaptable to all 
kinds of electronic work where knowl- 
edge of circuit performance is essential. 
Built in Video delay permits observa- 
tion of leading edge of triggering pulse. 
Precision means of amplitude calibra- 
tion are provided. Sweep can be either 
repetitive or trigger with 10 to 1 
expansion when desired. Internally 
generated markers, together with 
Video calibration, provide quantitative 
data of amplitude, shape, duration and 
time displacement of pulses. The oscil- 
loscope thus is truly a PULSESCOPE, 
another Waterman first. 


WATERMAN PRODUCTS CO., INC. 2s, pa. 


WATERMAN PRODUCTS INCLUDE: 


CABLE ADDRESS: 


$-4-A SAR PULSESCOPE POKETSCOPE 
S-5-A LAB PULSESCOPE 

$-10-B GENERAL POCKETSCOPE 

$-11-A INDUSTRIAL POCKETSCOPE 

$-14-A HIGH GAIN POCKETSCOPE 


$-14-B WIDE BAND POCKETSCOPE // 
Also RAKSCOPES, LINEAR 


AMPLIFIERS, RAYONIC TUBES 
and other equipment 
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Simple more logical 
grouping of working units to insure 
quiet, smooth trouble-free operation. 
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struction and lower maintenance cost. 
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A more direct align- 
ment in remote control or power trans- 
mission around corners. 


Write on your letterhead for FLEXIBLE 
“Flexible Shaft Assemblies” SHAFTS 
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Acceleration Time Constant . . . . ~ 0.003 second 
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5 watt potentiometer. Special output mechanisms tailored to cus- 
tomer requirements. 
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dimension of quality 


on tume delivery 


Quality is only as good as 
the use you can make of 
it. Cooper craftsmen, long 
trained in the habit of 
accuracy, never forget this 
fact in their efforts to pro- 
duce “the world’s finest” 
fasteners for aircraft. 


precision products 


MAY, 1953 


12-16, 1953, Preprint No. 22. 23 py 
illus 

The Selection and Evaluation of Power- 
plants for Helicopters. E. F. Katz 
berger and H. J. Nozick. S.A.E., Annu 
Veeting, Detroit, January 12-16, 195 
Preprint No. 21. 5 pp., illus 


Space Travel 


The Juvenation of Mars. II. Way: 
Proell. Journal of Space Flight, Vol 
No. 2, February, 1953, pp. 1-5. Astre 
nautical problems 

The Martian Frobe. Eric Burges 
Aeronautics, Vol. 27, No. 4, November 
1952, pp. 26-33, illus. Analysis of prol 
lems of sending a robot probe to Mars 


Structures 


The Analysis of Fully Restrained Slabs 
Under Concentrated Loads. C. A. M 
Gray Journal of Applied Mecha» 
Vol. 19, No. 4, December, 1952, pp. 422 
424. 3references 

An Application of Carpet and Lattice 
Plotting. R. Tatham. Royal Aeronaut 
cal Society, Journal, Vol. 57, No. 50 
February, 1953, pp. 107-110, illus 
references. Method used to plot the rel 
tionship of certain parameters affecting 
the stresses developed in diagonal tensio1 
fields in curved panels. 

Axial Tension and Bending Interaction 
Curves for Members Loaded Inelastically 
D. O. Brush and O. M. Sidebottom 
American Society of Mechanical Enginee 
Transactions, Vol. 75, No. 1, January 
1953, pp. 63-72, illus. 2 references 

An Estimate of the Accuracy of Denke’s 
Method of Spar Stress Analysis. B. | 
Garland. Australia, Department of S 
ply, Aeronautical Research Laboratori 
Structures and Materials Note No. 200 
September, 1952. 12 pp., illus. 12 refe1 
ences 

Laterally Loaded Non-Uniform Struts; 
A Tabular Method Requiring only Arith- 
metical Calculation. W. Gittleman. /) 
craft Engineering, Vol. 25, No. 288, Febru 
ary, 1953, pp. 56, 57, illus. 

An Analysis of Statically Indeterminate 
Trusses Having Members Stressed Be- 
yond the Proportional Limit. Thomas \\ 
Wilder, III. U.S., N.A.C.A., Technic 
Note No 2886, February, 1953 13 pp 
illus. 4 references 

Tube of Least Weight for Given Tor- 
sional Stiffness. H. B. Howard. Roy 
Aeronautical Society, Journal, Vol. 57, No 
505, January, 1953, pp. 45, 46 

Stress-Concentration Factors for Single 
Notch in Flat Bar in Pure and Centra! 
Bending. M. M. Leven and M. M 
Frocht. Journal of Applied Mechanii 
Vol. 19, No. 4, December, 1952, pp. 560, 
561, illus 

The Stresses in a Flat Curved Bar Due 
to Concentrated Radial Loads. C. \\ 

Nelson, C. J. Ancker, Jr., and Ning-Gau 
Wu. Journal of Applied Mechanics, Vol 
19, No. 4, December, 1952, pp. 529-536, 
illus. 14 references 

The Relativistically Rigid Rod. |. | 
Hogarth and W. H. McCrea. Cambridge: 
Philosophical Society, Proceedings, Vol 
48, Part 4, October, 1952, pp. 616-624 
illus. 6 references 
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Torsion of Uniform Rods With Particu- 
lar Reference to Rods of Triangular Cross 
Section. Henry Nuttall. Journal of 
Applied Mechanics, Vol. 19, No. 4, De- 
cember, 1952, pp. 554-557. 2 references 

Behavior in Pure Bending of a Long 
Monocoque Beam of Circular-Arc Cross 
Section. Robert W. Fralich, J. Mayers, 
and Eric Reissner. U.S., N.A.C.A., Tech- 
nical Note No. 2875, January, 1953. 33 
pp., illus. 4 references. 

The Behaviour of Beams in Bending; 
A Report on Experiments on a Cast Mag- 
nesium Alloy in Bending Beyond the Limit 
of Proportionality. S. S. Gill. Aircraft 
Engineering, Vol. 24, No. 285, November, 
1952, pp. 336-348, illus. 11 references. 

The Bending of Some Common Beam 
Sections into the Plastic Range. Anthony 
J. Barrett. Royal Aeronautical Society, 
Journal, Vol. 57, No. 506, February, 1953, 
pp. 110-115, illus. 4 references 

Calculation and Measurement of Nor- 
mal Modes of Vibration of an Aluminum- 
Alloy Box Beam With and Without Large 
Discontinuities. Frank C. Smith and 
Darnley M. Howard US... NAGA... 
Technical Note No. 2884, January, 1953 
40 pp., illus. 7 references 

Deflections and Stresses in Beams Sub- 
jected to Bending and Creep. Yoh-Han 
Pao and Joseph Marin. Journal of Ap- 
plied Mechanics, Vol. 19, No. 4, Decem- 
ber, 1952, pp. 478-484, illus. 6 references 

Free Vibrations of Constrained Beams. 
Winston F. Z. Lee and Edward Saibel 
Journal of Applied Mechanics, Vol. 19, 
No. 4, December, 1952, pp. 471-477, illus 
4 references 

The Influence of Aging on the Bau- 
schinger Effect in Inelastically Strained 
Beams. T.M. Elsesser, O. M. Sidebottom, 
and H. T. Corten. American Society of 
Mechanical Engineers, Transactions, Vol 
74, No. 8, November, 1952, pp. 1291 
1296, illus. 6 references 

Lateral Instability of Rectangular 
Beams of Strain Hardening Material 
Under Uniform Bending. W. H. Wittrick. 
Australia, Department of Supply, Aero- 
nautical Research Laboratories, Report No 
SM. 199, August, 1952. 31 pp., illus. 8 
references 

A Nonlinear Problem in the Bending 
Vibration of a Rotating Beam. Hsu Lo. 
Journal of Applied Mechanics, Vol. 19, 
No. 4, December, 1952, pp. 461-464, illus 
2 references. 

Plastic-Rigid Analysis of Long Beams 
Under Transverse Impact Loading. M. F 
Conroy. Journal of Applied Mechanics, 
Vol. 19, No. 4, December, 1952, pp. 465 
470, illus. 1 reference. 

Torsion of a Rectangular Elastic Iso- 
tropic Beam Reinforced with Rectangular 
Helices of Another Material. Henry J. 
Cowan. Applied Scientific Research, Sec- 
tion A, Mechanics, Heat, Chemical Engi 
neering, Mathematical Methods, Vol. 3, 
No. 5, 1952, pp. 344-348, illus. 5 refer- 
ences, 

Column Allowables. W. L. Vaughan 
Aero Digest, Vol. 65, No. 5, November, 
1952, pp. 42-46, illus. 2 references. 

Effect of Creep on Column Deflection. 
T. P. Higgins. Institute of the Aeronautical 
Sciences, Preprint No. 385, 1952. 19 pp., 
illus 17 references. Members, $0.50; 
nonmembers, $0.85 
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Inelastic Column Behavior. John E. 
Duberg and Thomas W. Wilder, III. 
(U.S., N.A.C.A., Technical Note No. 2267, 
1951.) U.S., N.A.C.A., Report No. 1072, 
1952. 16 pp., illus. 7 references. 

On Torsional-Flexural Buckling of 
Columns. H. L. Langhaar. Franklin 
Institute, Journal, Vol. 255, No. 2, Febru- 
ary, 1953, pp. 101-112, illus. 7 references. 

Discussion on ‘‘Stresses and Deforma- 
tions of Toroidal Shells of Elliptical Cross 
Section’”’ by R. A. Clark, T. I. Gilroy, and 
E. Reissner. Walter Wuest. Authors’ 
Closure. R. A. Clark, T. I. Gilroy, and 
E. Reissner. Journal of Applied Me- 
chanics, Vol. 19, No. 4, December, 1952, 
pp. 565, 566, illus. 2 references. 

Distribution of Mechanical and Thermal 
Stresses in Multilayer Cylinders. R. A. 
Strub. American Society of Mechanical 
Engineers, Transactions, Vol. 75, No. 1, 
Section 1, January, 1953, pp. 73-79; Dis- 
cussion, pp. 79-82, illus. 12 references. 

The Elastic Sphere Under Concentrated 
Loads. E. Sternberg and F. Rosenthal. 
Journal of Applied Mechanics, Vol. 19, 
No. 4, December, 1952, pp. 413-421, illus. 
11 references. 

Strains and Rib Deformations, Meas- 
ured Near the Root of a 45° Swept Rec- 
tangular Tube. J. E. Wheeler and N. B. 
Joyce. Australia, Department of Supply, 
Aeronautical Research Laboratories, Struc- 
tures and Materials Note No. 197, May, 
1952, 25 pp., illus. 

Stresses in the Root Triangle Regions 
of Cylindrical Swept Tubes. N. B. Joyce 
Australia, Department of Supply, Aero- 
nautical Research Laboratories, Report No 
SM. 192, April, 1952. 63 pp., illus. 1 
reference. 

Torsional Stresses in Multiwebbed 
Rectangular Cylinders; A Rapid Approxi- 
mate Method for Solving the Problems 
of Symmetrical Sections. E. H. Mans- 
field. Aircraft Engineering, Vol. 25, No. 
287, January, 1953, pp. 20, 21, illus. 

The New-Type Code Chart for the De- 
sign of Vessels Under External Pressure. 
E. O. Bergman. American Society of 
Mechanical Engineers, Transactions, Vol. 
74, No. 7, October, 1952, pp. 1217-1222; 
Discussion, pp. 1222-1224, illus. 14 refer- 
ences 

A Procedure for Determining the 
Allowable Out-of-Roundness for Vessels 
Under External Pressure. Marshall Holt. 
American Society of Mechanical Engineers, 
Transactions, Vol. 74, No. 7, October, 1952, 
pp. 1225-1227; Discussion, pp. 1227 
1230, illus. 3 references. Based on the 
theory of thin shells developed by R. G 
Sturm. 

The Stresses in a Pressure Vessel With 
a Hemispherical Head. G. W. Watts and 
H.A. Lang. American Society of Mechani- 
cal Engineers, Transactions, Vol. 75, No. 1, 
Section 1, January, 1953, pp. 83-90, illus. 
6 references. 

Determination of Theoretical Plastic 
Stress-Strain Relations for Variable Com- 
bined Stress Ratios. L. W. Hu and 
Joseph Marin. Journal of Applied Me- 
chanics, Vol. 19, No. 4, December, 1952, 
pp. 485-488, illus. 6 references. 

On Discontinuous Plastic States, with 
Special Reference to Localized Necking in 
Thin Sheets. R. Hill. Journal of the 
Mechanics and Physics of Solids, Vol. 1, 
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No. 1, October, 1952, pp. 19-30, illus. 13 
references. 

On Longitudinal Plane Waves of Elas- 
tic-Plastic Strain in Solids. D.S. Wood 
Journal of Applied Mechanics, Vol. 19, 
No. 4, December, 1952, pp. 521-525 illus 
10 references. 

Plastic Instability Under Plane Stress. 
H. W. Swift. Journal of the Mechanics 
and Physics of Solids, Vol. 1, No. 1, Oc 
tober, 1952, pp. 1-18, illus. 7 references 

Bending of a Uniformly Loaded Rec- 
tangular Plate With Two Adjacent Edges 
Clamped and the Others Either Simply 
Supported or Free. M. K. Huang and 
H. D. Conway. Journal of Applied 
Physics, Vol. 19, No. 4, December, 1952, 
pp. 451-460, illus. 7 references. 

Bending of Thin Plates with Compound 
Curvature. H.G. Lew. U.S. N.A.C.A., 
Technical Note No. 2782, October, 1952 
49 pp., illus. 5 references. 

Buckling Design Charts. William A 
Welch. Aero Digest, Vol. 65, No. 5, No 
vember, 1952, pp. 74-76, illus. 4 refe1 
ences. For flat plates under bending, 
shear, and compression. 

Buckling of a Simply Supported Tri- 
angular Plate in Combined Compression 
and Shear. W. W. Wittrick. Australia, 
Department of Supply, Aeronautical Re 
search Laboratories, Report No. SM. 197, 
July, 1952. 18 pp., illus. 5 references 

The Compressive Buckling of a Clamped 
Parallelogram Plate with a Longitudinal 
Stiffener Along the Centre Line. J. Guest 
Australia, Department of Supply, Aero 
nautical Research Laboratories, Report No 
SM. 194, May, 1952. 14 pp., illus. 6 
references. 

The Compressive Buckling of a Paral- 
lelogram Plate Simply Supported Along 
All Four Edges. J. Guest. Australia, 
Department of Supply, Aeronautical Re 
search Laboratories, Report No. SM. 199, 
September, 1952. 17 pp., illus. 2 refer 
ences. 

Dynamic Buckling of Thin Elastic 
Plates. G. A. Zizicas. American Society 
of Mechanical Engineers, Transactions, 
Vol. 74, No. 7, October, 1952, pp. 1257 
1268, illus. 26 references. 

The Effect of Longitudinal Stiffeners 
Located on One Side of a Plate on the 
Compressive Buckling Stress of the Plate- 
Stiffener Combination. Paul Seide. U.S, 
N.A.C.A., Technical Note No. 2873, 
January, 1953. 66 pp., illus. 11 refer 
ences. 

Evaluation of the Theory on the Post- 
Buckling Behaviour of Stiffened, Flat, 
Rectangular Plates Subjected to Shear- 
and Normal Loads. W. K. G. Floor and 
T. J. Burgerhout. Netherlands, Nationaal 
Luchtvaartlaboratorium, Amsterdam, Report 
No. S.370 (Reports and Transactions, Vol 
16, pp. S9-S36), 1951. 27 pp., illus., folded 
charts. 19 references. 

Free Surface Properties of Explosive- 
Driven Metal Plates. R. G. Shreffler and 
W. E. Deal. Journal of Applied Physics, 
Vol. 24, No. 1, January, 1953, pp. 44 48, 
illus. 2 references. Experiment using 
photographic technique. 

Large Deflection Theory for Ortho- 
tropic Rectangular Plates Subjected to 
Edge Compression. Syed Yusuff. Jour- 
nal of Applied Physics, Vol. 19, No. 4, 
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December, 1952 
references. 

A Routine Method for the Measurement 
of Residual Stresses in Plates. R. G. 
Boiten and W. Ten Cate. Applied Sci- 
entific Research, Section A, Mechanics, 
Heat, Chemical Engineering, Mathematical 
Methods, Vol. 3, No. 5, 1952, pp. 317-348, 
illus. 12 references. 

Stress Singularities Resulting From 
Various Boundary Conditions in Angular 
Corners of Plates in Extension. M. L. 
Williams. Journal of Applied Mechanics, 
Vol. 19, No. 4, December, 1952, pp. 526- 
528, illus. 4 references. 

A Study of the Practical Efficiency Un- 
der Static Loading of Riveted Joints Con- 
necting Plates. Wilbur M. Wilson, Wil- 
liam H. Munse, and M. A. Cayci. Jilinois, 
University, Engineering Experiment Sta- 
tion, Bulletin, Series No. 402, July, 1952. 
75 pp., illus. 11 references. 

The Fatigue Properties of C-Section 
Test Pieces Completely Machined from 
an Aluminium Alloy Extrusion Conforming 
to D.T.D. 364B. G. Forrest, K. W. Gunn, 
and A. R. Woodward. Royal Aeonautical 
Society, Journal, Vol. 57, No. 506, Febru- 
ary, 1953, pp. 103-107, illus. 4 refer- 
ences. 

A Method of Measuring Post-Yield 
Strain. F. J. Woodcock and Kk. R. Weiss. 
Royal Aeronautical Society, Journal, Vol. 
57, No. 505, January, 1953, pp. 49-51, 
illus. 5references. 

Pressure Tests on Flat Aluminium Alloy 
Panels. C. J. Dickinson and H. R. Had- 
ley. Royal Aeronautical Society, Journal, 
Vol. 57, No. 505, January, 1953, pp. 46-49, 
illus. 

Ultrasonic Microscope. S. Y. Sokolov. 
(Translated by Gilbert B. Devey from 
Progress in Physical Science {U.S.S.R.}, 
Vol. 11, January, 1950.) Radio & Tele- 
vision News, Radio-Electronic Engineering 
Section, Vol. 49, No. 2, February, 1953, 
pp. 8, 9, illus. Structures testing and other 
applications. 


pp. 446-450, illus. 8 


Thermodynamics 


Flame Velocities in Carbon Monoxide 
Oxygen Mixtures. T. W. Price and J. H. 
Potter. American Society of Mechanical 
Engineers, Transactions, Vol. 75, No. 1 
Section 1, January, 1953, pp. 91—96, illus 
18 references 

A Nondimensional Correlation of Flame 
Propagation at Subatmospheric Pressures. 
R. E. Cullen. American Society of Me- 
chanical Engineers, Transactions, Vol. 75, 
No. 1, Section 1, January, 1953, pp. 48-49, 
illus. 12 references 

A Study of Burner Oscillations of the 
Organ-Pipe Type. A. A. Putnam and 
W. R. Dennis. American Society of 
Mechanical Engineers, Transactions, Vol. 
75, No. 1, Section 1, January, 1953, pp. 
15-28, illus. 9 references. 


Heat Transfer 


Additional Measurements of Heat Con- 
ductivity of Nitrogen, Carbon Dioxide, and 
Mixtures. F. G. Keyes. American Soci- 
ety of Mechanical Engineers, Transactions, 
Vol. 74, No. 8, November, 1952, pp. 1303- 
1306, illus. 8 references. 

The Alleviation of Thermal Stresses; 
The Influence of Surface Insulation on the 
Stresses Set Up When an Aircraft Under- 
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goes a Change of External Temperature. 
E. W. Parkes. Aircraft Engineering, Vol. 
25, No. 288, February, 1953, pp. 51-53, 
illus. 3 references 

Convective Heat-Transfer and Flow- 
Friction Behavior of Small Cylindrical 
Tubes—Circular and Rectangular Cross 
Sections. W.M. Kaysand A. L. London 
American Society of Mechanical Engineers, 
Transactions, Vol. 74, No. 7, October, 1952, 
pp. 1179-1189, illus. 23 references. 

An Experimental Investigation of Con- 
vective Heat Transfer to Air from a Flat 
Plate With a Stepwise Discontinuous Sur- 
face Temperature. Steve Scesa and F. M 
Sauer. American Society of Mechanical 
Engineers, Transactions, Vol. 74, No. 7, 
October, 1952, pp. 1251-1255, illus. 9 
references. 

Electrical Analogies for Heat Transfer 
Problems. L. Malavard and J. Miroux. 
(Fourth International Congress for Indus- 
trial Heating, Paris, France, 1952, Pro- 
ceedings, Group 1—Section 13, Paper No. 
82. 7 pp.) Engineers’ Digest, Vol. 13, 
No. 12, December, 1952, pp. 417-420, 
illus. 14 references, At the French Coun- 
cil for Scientific Research and Aeronauti- 
cal Development and 
Laboratories. 

Forced - Convection Heat - Transfer 
Characteristics of Molten Sodium Hy- 
droxide. Milton D. Grele and Louis 
Gedeon. U.S., N.A.C.A., Research Memo- 
randum No. E52L09, February 17, 1953 
27 pp., illus. 5 references 

Heat Transfer and Flow-Friction Char- 
acteristics of Some Compact Heat- 
Exchanger Surfaces. II]—Design Data 
for Five Surfaces. A. L. London, W. M 
Kays, and D. W. Johnson. American 
Society of Mechanical Engineers, Transac- 
tions, Vol. 74, No. 7, October, 1952, pp. 
1167-1178, illus. 15 references. 

Heat Transfer in Condensation. I 
Effect of Temperature Variation around a 
Horizontal Condenser Tube. LeRoy A 
Bromley, Robert S. Brodkey, and Norman 
Fishman. II-—Effect of Heat Capacity of 
Condensate. LeRoy A. Bromely. Indus- 
trial and Engineering Chemistry, Vol. 44, 
No. 12, December, 1952, pp. 2962-2969, 
illus. 15 references 

Performance of Finned Tubes in Shell- 
and-Tube Heat Exchangers. R. B. Wil- 
liams and D. L. Katz lmerican Society 
of Mechanical Engineer Transactions, 
Vol. 74, No. 8, November, 1952, pp. 1307- 
1320, illus. 22 references 

Temperature Effects Accompanying the 
Absorption of Gases in Liquids. P. V. 
Danckwerts. Applied Scientific Research, 
Section A, Mechanics, Heat, Chemical Engi 


Research Board 


neering, Mathematice Vethods, Vol. 3, 
No. 5, 1952, pp. 385-390, illus. 5 refer 


ences. 

Thermal Conductivity of Binary Gas 
Mixtures at Atmospheric Pressure. John 
M. Lenoir. Arkansas, University, Engi- 
neering Experiment Station Bulletin No. 16, 
October, 1952. 26 pp., illus. 23 refer- 
ences. 


Water-Borne Aircraft 


Installation and Trials of Water Level 
Indicators in Canso and Norseman Air- 
craft. D. A. Duston. Canada, Royal 
Canadian Air Force, Experimental and 
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Proving Establishment, Rockcliffe, Report 
No. 990, January, 1953. 11 pp., illus. 

The Planing Characteristics of Two V- 
Shaped Prismatic Surfaces Having Angles 
of Dead Rise of 20° and 40°. Derrill B 
Chambliss and George M. Boyd, Jr 
U.S., N.A.C.A., Technical Note No. 2876, 
January, 1953. 38 pp., illus. 5 references 

Portable Pontoons. F. A. Kerry. Nex 
Slipway, Vol. 3, No. 4, September, 1952, 
pp. 19-22, illus. For loading, unloading, 
and servicing flying boats. 

Saunders-Roe SR/45 Princess Ten- 
Engined Turboprop Flying-Boat Aircraft, 
England. M. J. Brennan. Aircraft Engi 
neering, Vol. 24, No. 285, November, 1952, 
pp. 326-334, illus. Design and develop 
ment aspects. 

Saunders-Roe SR/45 Princess Ten- 
Engined Turboprop Flying-Boat Aircraft, 
England. Aeronautics, Vol. 27, No. 6, 
January, 1953, pp. 30-37, illus. 

Saunders-Roe SR/45 Princess Ten- 
Engined Turboprop Flying Boat Aircraft, 
England. H. Knowler. New Slipway, 
Vol. 3, No. 4, September, 1952, pp. 6-9, 
illus. 

A Successful Flying-Boat Airline. B. T 
Aikman. (Lecture, Royal Aeronautical 
Society, 1952.) Aeronautics, Vol. 27, No 


6, January, 1953, pp. 38-40, illus 
Abridged. Aquila Airways’ operations ex- 
perience. 


Wind Tunnels & Research 
Facilities 


Research Review. I, II. Joseph Black 
Aeronautics, Vol. 27, Nos. 4, 5, November, 
December, 1952, pp. 36-40; 36-40, illus 
Current wind-tunnel and delta-wing re 
search and equipment. 

The A.R.A. (Aircraft Research Asso- 
ciates) Wind Tunnel. H. Burroughs 
Hawker Siddeley Review, Vol. 5, No. 4, 
December, 1952, pp. 87, 88, illus 

University of California’s New Aero- 
nautic Facilities. Earl Janssen. American 
Society of Mechanical Engineers, Aviation 
and Heat Transfer Divisions, Spring Meet 
ing, Seattle, March 24-26, 1952, Preprint 
No. 52-S-6. 10 pp., illus. 

Approximate Calculation of the Influ- 
ence of Wall Boundary Layers Upon the 
Blockage Interference in a High Speed 
Wind Tunnel. Sune B. Berndt. Sweden, 
Flygtekniska Foérséksanstalten, Meddeland 
Nr. 45, 1952. 12 pp., 
Kr.1: 50. 

Some Experimental Investigations on 
the Influence of Wall Boundary Layers 
Upon Wind Tunnel Measurements at High 
Subsonic Speeds. Erik G. M. Petersohn. 
Sweden, Flygtekniska Forséksanstalten, 
Meddelande Nr. 44,1952. 16pp., illus. 4 
references. Kr.2:- 

Design and Calibration Tests of a 5.5 in. 
Square Supersonic Wind Tunnel. J] 
Lukasiewicz. Gt. Brit., Aeronautical Re 
search Council, Reports and Memoranda 
No. 2745 (February, 1950), 1952. 36 pp., 
illus. 1 reference. British Information 
Services, New York. $2.25. 

The New Saab Wind-Tunnel; A Swe- 
dish Industrial Tunnel Using the Power of 
Four Jet Engines as Ejectors. Frid 
Wanstrém. Aircraft Engineering, Vol. 24, 
No. 286, December, 1952, pp. 364-366, 
372, illus. 


illus. 2 references 
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Lockheed Calling Engineers 
to a better future... 


a better life... 


in California 


Better 
Working 
Conditions 


On the job, you work in 
an atmosphere of vig- 
orous, progressive 
thinking. Personal initiative, new ideas are encouraged. 
Frequent conferences iron out problems, keep work rolling 
smoothly. You work with top men in your profession — 

as a member of the team known for leadership. 


New design ideas spring from 
spontaneous conferences such as these 


| 
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There’s more to a job at Lockheed 
than eight hours’ work a day. 
There’s the friendly spirit of 
progress—of getting things done— 
that makes work so much more 
stimulating. There’s the better 

life you live—just because you live 
in Southern California. There’s 
the future that offers you and your 
family security and advancement 
with the leader in aviation. 


Better 
Living 
Conditions 


Outdoor'life prevails in Southern 
California the year around 


Every day, you get a 
“bonus” at Lockheed— 
in the better living con- 
ditions. The climate is beyond compare. Recreational 
opportunities are unlimited. Golf, fishing, the patio life at 
home can be yours 12 months a year. And your high 
Lockheed salary enables you to take full advantage 

of the climate and recreational opportunities. 


Better 
Future 


You have a future at 
Lockheed—not just a 
job. For Lockheed is 
building planes for de- 
fense, planes for the 
world’s airlines. The 
planes of tomorrow are being designed today in 

Lockheed’s long-range development program. 


Special training courses prepare 
you for promofion 


Special training courses in management and various 
phases of aeronautical engineering help prepare you for 
the future and promotion. Ask any of the 5,000 

who wear 10-year pins whether or not 

there’s a career and security at Lockheed. 


IMMEDIATE OPENINGS FOR: 


Aerodynamicists 

Airplane Specifications Engineers 
Ballistics Engineers 

Design Engineers & “B”’ 
Engineering Drawings Checkers 
Flight Test Engineers “B” 

Flutter and Vibration Engineers 
Instrumentation Engineers 

Jr. Engineers —Draftsmen “A” 

Jr. Engineers —Draftsmen 


Numerical Mathematical 
Analysts 
Research Engineers 


Scientists 
for systems analysis and 
military operations research 


Service Engineers 
Servomechanism Engineers 
Stress Engineers 
Structures Engineers 
Weight Engineers 


To Engineers with Families: 


Housing conditions are excellent in the Los Angeles area. 
Thousands of rental units are available. Huge tracts for home 
ownership are under construction now. Thousands of homes 
have been built since the last war. Lockheed counselors 

help you get settled. Educational facilities also are excellent. 
The school system offers your children as fine an education 
as can be obtained anywhere. Elementary and high 

schools are conveniently located. Junior colleges and major 
universities abound—21 are in the Los Angeles area. 


Lockheed also offers: 


Generous travel allowances + Outstanding Retirement Plan 

* Vacations with pay + Low-cost group life, health, accident 
insurance + Sick Leave with pay « Credit Union, for savings 
and low-cost financing +» Employees’ Recreation Clubs 

+ Regular performance reviews, to give you every opportunity 
for promotion +» On-the-job training or special courses 

of instruction when needed. 


Send today for free illustrated brochure describing life and 
work at Lockheed in Southern California. Use this handy coupon. 


Mr. M. V. Mattson, Employment Manager, Dept. AER-5 


LOCKHEED Aircraft Corporation Burbank, california 


Please send me your brochure describing life and work at 
Lockheed. 


My Name 


My Street Address” 


My City and State 


My Field of Engineering 

Aircraft experience is not necessary for a job at Lockheed. It’s 
your general engineering background—your aptitude—that counts. 
Lockheed will train you to be an aircraft engineer—at full pay. 
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PLANNING 


One significant solution lies in the 
extensive use of airborne automatic 
equipment, including electronic digital 
computers, to augment or replace the 


human element in aircraft control, 


A'T Research and Develop- 
ment Laboratories each problem is at- 
tacked basically, beginning with systems 
planning and analysis. This consists of an 
exhaustive examination of the require- 
ments of a problem, together with an 
evaluation of the best means for satisfying 
these requirements. The objective is to de- 
sign the simplest possible mechanization 


Culver City, Los Angeles County, 


AERONAUTICAL 


THE RIGHT 


ENGINEERING RE 


! Visit the H U G H ES Exhibit 


| 
BOOTH 2, NATIONAL CONFERENCE ON 
' AIRBORNE ELECTRONICS, MAY 11-13, 
| DAYTON, OHIO 


ANSWERS 


Address: 
SCIENTIFIC 
ENGINEERING STAFF 


California 


consistent with a superior performance. 

These techniques, employing many 
special talents, are responsible at Hughes 
for the successful d 


lesign, development 
and production of complexly interacting 
automatic systems for all phases of elec- 
tronic control of interceptor navigation, 
flight control, and fire control. Similar 
accomplishments may be pointed to in 
the guided missile field 

Methods of systems planning and anal- 
ysis responsible for achievements in the 
military area are also being applied at 
Hughes to adapt electronic digital com- 
puter techniques for business data proc- 
essing and industrial controls. 


ann | HUGHES | 
Research 


and Development 
Laboratories 


VIEW 
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The complexity of modern 

air defense — extreme aircraft 
speeds, highly complex weapons, 
new combat strategies, the advanced 
state of today’s technology — poses 


serious problems for the 


scientist and engineer. 


Dr. E.C. Nelson (left), Head of Computer 
Systems Department, and J. H. Irving, 
Head of Systems Planning and Analysis 
Department, discuss a problem in the 
systems planning and analysis stage. 
PHY SICISTS 

AND 

ENGIN FERS 

Hughes activities in the computer field ar 
creating some new positions in the Systems 
Planning and Analysis Department. Expe- 
rience in the design and application of 
electronic digital computers is desirable, but 
not essential. Analytically inclined physi- 
cists and engineers with a background itt 


Systems work are invited to apply. 
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Aeronautical Reviews 


Weight-Strength Analysis of Aircraft 
tructures 


By F. Shanley. New York, Mc- 
Graw-Hill Book Company, Inc., 
1952. 394 pp., diagrs., figs. $8.50. 


The aircraft industry has always 
been concerned with adequate 
strength of its structures and with the 
minimum possible weight as well 
Because of the importance of provid 
ing adequate strength at a minimum 
weight, materials and structures are 
often evaluated on a strength, weight 
basis. The author points out, how 
ever, that comparison of materials on 
strength, weight basis may be highly 
misleading for structures that fail 
by buckling, for in such cases the pro 
portions of the structure have a strong 
influence on the buckling strength. 
Further, the author has shown in a 
previously published paper that in 
general the strength/ weight factor is 
not the reciprocal of the weight 
strength factor. 5 

Since, in an airplane structure, the 
primary object is to reduce weight, 
not necessarily increase strength, the 
weight/strength basis follows logically 
in evaluating structures. 

The author has been particularly 
successful in presenting his analytical 
methods for investigating various 
optimum design principles. 

This volume of 394 pages is divided 
into three parts titled ‘Principles of 
Optimum Structural Design,” ‘‘Struc 
tural-Weight Equations,”’ and ‘‘Ma 
terial Properties and Behavior.” 

To indicate the scope of these sec 
tions, it might be worth while to list 
a few of the subjects covered. In the 
first section, for example, there are 
considered the minimum weight of 
simple and wide columns, of panels, 
and of evlindrical and stiffened shells 
in bending. In addition, such mat 
ters as optimum overall design, 
Straight-line area approximation, and 
volume of material required for mem 
bers carrying transverse loads are a 
few other approaches used in analyz 
ing structures. The effect of torsional 
stiffness requirements on wing struc 
tural weight is also covered. 

Part II covers various structural 
weight equations and analyses relating 
to sheet-stringer-rib type of structure, 
effective depth of airfoil sections, in 
ertia and shear reduction factors, wing 
tibs and secondary structure, non 


— BOOKS 


optimum structural weight, thick 
plate type of wing structure, thin 
wing structures, and fuselage and 
shell structures. 

Part III concerns itself with analy- 
ses of stress-strain-time relations, 
creep, and inelastic-column theory. 

The author expresses the hope that 
the publication of the book will serve 
as an incentive to further develop- 
ment of the principles of weight/- 
strength analysis, not only for air- 
craft, but for all types of structures. 
Ihe author is to be congratulated on 
such an excellent beginning. 

FREDERICK K. TEICHMANN 
Professor and Chairman 
Department of Aeronautical 
Engineering 
Daniel Guggenheim School of 
Aeronautics 
New York University 


Electric Fuses 


A Critical Review of Published 
Information. By H.Lapple. Lon- 
don and Toronto, Butterworth & 
Co., Ltd., 1952. 173 pp. $5.00. 


The fuse designer and the engineer 
concerned with the protection of elec 
tric circuits and apparatus will find 
this little volume a valuable contribu- 
tion to his reference library. Begin 
ning with the invention of the simple 
‘“‘weak-link’”’ by Thomas A. Edison in 
1880, the fuse has had an extremely 
interesting developmental history 
leading to the present reliable pre 
cision device. The author has traced 
this development by means of a criti- 
cal review of the published literature. 
As the Chief Engineer of the High 
Voltage Fuse and Over Voltage Pro 
tection Department of Siemens 
Schuckertwerke, Berlin, he is well 
qualified to prepare this information, 
which he did for the British Electrical 
and Allied Industries Research Asso 
ciation. 


For information on I.A.S. 
Library Service Facilities, 
see page 145 


Statements and opinions ex- 
pressed in Book Reviews are to 
be understood as individual ex- 
pressions and not necessarily 
those of the Institute. 
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After a brief introduction and a 
short history of fuse development, the 
author reviews the circuit breaking 
process, which is essentially concerned 
with the arcing period of the fuse 
operation. The methods of circuit 
interruption as employed in cartridge 
fuses, expulsion fuses, liquid fuses, 
and current-limiting fuses are dis 
cussed. 

Closely related is the subject of the 
“breaking capacity’’ of fuses, dealt 
with in the third chapter. Prior to 
about 1920 knowledge of the breaking 
capacity of fuses was limited, due 
partly to lack of high-power testing 
facilities and partly to the low values 
of short-circuit current in most sys- 
tems at that time. Since then, many 
engineers have studied the theoretical 
and practical aspects of are extinction 
and have greatly increased the break 
ing capacity of fuses. Most note 
worthy is the introduction of the 
current-limiting fuse which is de 
signed to clear a short circuit before 
the current can build up to the maxi 
mum available short-circuit current. 

The fourth chapter is a short ac 
count of the problem of the deteriora 
tion of the fuse element due to corona 
effects. The deterioration is due 
partly to the bombardment by ionized 
particles but principally to the chemi- 
cal effect of nitrous oxides produced 
by the corona. However the modern 
high-voltage fuse appears to be free 
from corona deterioration because of 
the construction of such fuses. 

The subject of time-current charac 
teristics of fuses is reviewed in con- 
siderable detail in chapter five. First, 
the portion of the characteristic for 
which the time is of the order of '/j 
second or less, in which the heat loss 
from the fusible element is negligible, 
is discussed. In this portion, which 
lends itself most readily to mathe- 
matical treatment, the quantity ‘‘/*t’’ 
is a constant. For longer times, heat 
emission must be considered and the 
analysis is far more complex. Many 
simplifying assumptions have to be 
made to apply mathematical analysis. 
The ‘‘Newton characteristic,’ for 
example, is determined by assuming 
that the heat dissipation follows 
Newton’s law of cooling. The author 
points out the value of plotting time- 
current characteristics on log-log pa 
per and shows how the dimensionless 
form of the equations assists in analy 
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sis. A number of empirical formulas 
are also discussed, which closely 
match actual characteristics. 


This chapter also includes a review 
of the definitions of the various quanti- 
ties associated with fuse character- 
istics, of the standard methods of 
measurement, and of time-lag fuses. 
The problem of selectivity among 
fuses (discrimination) and of coordina- 
tion with other apparatus is reviewed. 
Finally, the effects of surge currents 
on fuse elements are discussed. 


The sixth chapter compares the 
ratings, rules, requirements, and 
standards of fuses of the standard 
associations in the United States, 
Great Britain, and Germany. A list 
of such standards of the three nations 
is given at the end of the chapter. 


The final chapter reviews the special 
fields of application for fuses. A 
valuable application is the use of fuses 
combined with other protective de- 
vices whereby the fuse permits the use 
of lighter equipment by protecting 
against short circuit conditions. The 
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current-limiting fuse is most suitable 
for this type of application. 

The latter half of the book contains 
an extensive bibliography of fuses 
with an abstract of each reference. 
The fuse designer, in particular, will 
find this list of references most valua- 
ble. 

Although the material presented in 
this book is of general application, the 
aircraft electrical engineer and the 
designer of fuses for aircraft will find 
no discussion of fuses for aircraft. It 
would be well for the author to include 
such material in a future edition. 
The special problems of coordination 
and selectivity should be discussed as 
well as the effects of the extreme tem- 
peratures encountered. The effect of 
the 400-cycle a.c. operation on break- 
ing capacity as compared to 60-cycle 
operation should be included. A 
comparison of aircraft fusing practices 
in various countries with references to 
the standard specifications of these 
countries would be most instructive. 

I. MATTHYSSE 
Chief Design Engineer 
Burndy Engineering Company 


Book Notes 


ELECTRONICS 


Proceedings of the National Electronics Con- 
ference, Volume 8. Chicago, September 29, 30, 
and October 1, 1952. Chicago, National Elec- 
835 pp., illus. $5.00. 

This volume contains, with only one exception, 
the complete edited text of all technical papers 
and luncheon speeches presented at the con- 
ference. 


tronics Conference, 1953. 


Approximately 100 papers are presented 
under 22 headings. Sections of particular inter- 
est will be those on servomechanism theory; 
magnetic amplifiers and servo applications; equip- 
ment and components reliability; radio naviga- 
tion; Components, assembly, and measurements; 
computers; antennas; and coding and recording 
techniques. The volume is profusely illustrated 
with photographs and diagrams; references are 
given at the end of most papers. A useful ap- 
pendix is the detailed table of contents of the 
previous six volumes. 


ENGINEERING 


How to Improve the Utilization of Engineering 
Manpower. (Executive Research Survey No. 2.) 
Washington, The National Society of Profes- 
sional Engineers, 1952 $2.00. 

This study pools the experience of more than 


55 pp. 


495 major industrial companies and engineering 
firms. The methods and procedures that they 
found helpful point the way for other companies 
with the same problem. In the introduction is 
surveyed the current need for engineers and engi- 
neering man power utilization in industry. The 
scope of the book is well illustrated by the chapter 
headings: Indoctrinating Engineers—Sugges- 
tions for Programs. Making the Existing Engi- 
neering Staff More Effective. The Use of Sup- 
porting Personnel. Are Engineers’ Talents Being 


Wasted? Auxiliary Sources of Engineering 
Talent. Engineering Turnover—Causes and 
Results. Preparing the Engineers of the Future. 


How to Improve the Utilization of Engineering 
Manpower—Summary and Recommendations. 


A short reading list is appended. 


EQUIPMENT 


HYDRAULIC 


Proceedings of the National Conference on 
Industrial Hydraulics, Vol. 6. 8th 
September 4-5, 1952. Chica 


Meeting 
», Graduate School 
of Illinois Institute of Technology and Armour 
Research Foundation of Illinois Institute of Tech 
nology, 1952 $4.50 

The 21 papers presented at this meeting are 
reproduced in full, together with illustrations 
diagrams, and edited discussions 


242 pp., fig 


Some of the 
papers that will be of particular value are: De 
sign Features of a High Pressure Single Stage 
Rotary Vane Hydraulic Pump Motor, by J. R 
England; Jet Engine Fuel Pumps, by J. A. Lauck 
Design for Increased Reliability of Aircraft Hy- 
draulic Systems, by L. M. Chattler; The Surface 
Type Seal—For Tougher Jobs, by R. O. Isen 
barger; Tube and Tube Fittings, by Lee Schmohl; 
and Portable Tube-Working Tools, by George 
Franck. 

Aircraft Hydraulics. Prepared by Naval Air 
Technical Training Command for Publication by 
the Bureau of Naval Personnel 
NAVPERS §10332-A.) Washington, 
U.S. Government Printing Office, 1951. 
illus. $0.75. 

Contents: 


(Naval Training 
Courses 


292 pp., 


Introduction to Hydraulics. Hy 
draulic Principles. Fluid, Seals, and Tubing 
Hydraulic Pumps 
Selector 


Reservoirs and Fiiters 
sure Regulators. 


Pres- 


Valves. Actuating 


Cylinders. Accumulators. Locks and Sequence 
Valves. Relief Valves. Auxiliary Units. Shock 
Struts. Brake Actuating Systems. Hydraulic 
Brakes. Shimmy Dampers. Hydraulic Systems 


Hydraulic System Inspection and Maintenance 
Hydraulic Turrets and Gun Chargers. Auto 
matic Pilots. 


INSTRUMENTS 


Servomechanism Analysis. George J. Thaler 
and Robert G. Brown. New York, McGraw-Hill 
Book Company, Inc., 1953. 414 pp., figs. $7.50. 


REVIEW- 


MAY, 1953 


This text presents the essentials of the mathe 
matical theory of servomechanisms. 
growth of courses that have been taught for four 
years at the University of Notre Dame at the 
postgraduate level 


It is an out 


Most of it has also been used 
for three years at the University of North Dakota 
at the undergraduate level. Stressed throughout 
the work are the elements of analysis which are a 
necessary preliminary to design. After covering 
the basic tools for analysis and design, the authors 
detail the mathematical methods for analyzing 
servo systems. Included are lengthy discussions 
of transient analysis, polar transfer function, and 
logarithmic transfer function analysis. Physical 
explanations and worked examples follow the 
mathematical development. Two special features 
are the discussion of relay servomechanisms and 
the root-locus method, in which the concept of the 
pole and zero configurations for Gynamic systems 
are utilized. The appendixes contain, in addition 
to reference tables, factual information about 
error detectors, controllers, servomotors, and 
Reference features of 
the book are a 206-reference bibliography and a 
good index of topics. George J. Thaler is Assist 
ant Professor of Electrical Engineering at the 
U.S. Naval Postgraduate School, and Robert G 
Brown is Senior Project Engineer, A.C. Spark 
Plug Division, General Motors Corporation 

Direct Current Machines for Control Systems. 
A. Tustin. New York, The Macmillan Com 
pany, 1952. 306 pp., figs. $10 

The aim of this book is to make the potentiali 


compensating devices. 


ties of rotary power amplifiers more widely known 
and more easily intelligible. It is intended to 
provide a basis for their further development 
beth in design and application. This treatise has 
been written not only for engineers and designers 
in electrical manufacturing concerns, but also to 
meet the needs of workers in research establish 
ments and in Armed Services technical centers 
Professor Tustin, of the University of Birming 
ham, is the editor of Automatic and Manual Con- 
trol, the proceedings of a conference on automatic 
control held at the College of Aeronautics, Cran- 
fielc, England, in July, 1951. 

Contents: (1) Control Systems and the Analy- 
sis of Their Behavior. (2) The Inductances and 
Time-Constants of the Windings of D.C. Ma- 
chines. (3) The Static Characteristics of Ordi- 
nary D.C. Generators, and of Some Simple Com- 
binations, When Separately Excited. 4) The 
Dynamic Characteristics of Separately Excited 
D.C. Generators, and of Some Simple Combina 
tions of D.C. Dynamos (5) Cross-Field and 
Armature Excited Dynamos: the Rosenberg 
Generator, the Amplidyne, the Metadyne, and 
the Magnicon. (6) Machines with Heterogeneous 
Pole Systems. (7) Some Simple Forms of Feed- 
Back that are Useful in Conjunction with Se 
quences of D.C. Generators. (8) Cumulative 
Feeds- Back, Self-Excitation, and the Three-Field 
Generator. (9) Unsymmetrical Forms of Cross- 
Field Machines. (10) Torque Motors and Linear 
Stroke Motors. Bibliography and References 


MATHEMATICS 


Advanced Mathematics in Physics and Engi- 
neering. Arthur Bronwell. New York, McGraw- 
Hill Book Company, Inc., 1953. 
$6.00. 

Chapters of the book are devoted to the de- 
velopment of fundamental principles in the fol- 
lowing areas: vibration in lumped and distributed 
element systems, heat flow, fluid dynamics of both 
compressible and incompressible fluids, and elec- 
tromagnetic theory. One of the chapters deals 
with the various criteria for stability of electrical 
and mechanical systems, including the Routh- 
Hurwitz criterion, the Nyquist criterion, and 
others. 


475 pp., figs. 


Mathematical topics include infinite series: 
Fourier series and the Fourier integral; ordinary 
differential equations; series methods of solving 
differential including the Bessel, 
Legendre, and associated Legendie equations; 
partial differentiation; 


equations, 


Lagrange’s equations; 
Hamilton’s principle, vector analysis; functions of 
a complex variable; and Laplace transforms 
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Problems have been carefully chosen to supple- istic Numbers. Appendixes: Round-Off Errors, Contents: Chapter I, Introduction and His- 
. ment the text material with additional informa- Large-Scale Computing Machines, The Monte tory. Chapter II, The Production of Short 
1€ tion. The author is Professor of Electrical Carlo Method. Flashes. Chapter III, High Speed Cinemato- 
d Engineering, Northwestern University. graph Camera Design. Chapter IV, Photographic 
* Numerical Selution of Differential Equations. PHOTOGRAPHY Materials. Chapter V. High Speed Still Photo- 
t William Edmund Milne. New York, John Wiley graph. Chapter VI, High Speed Cinematograph 
é & Sons, Inc., 1953. 275 pp., figs. $6.50. High Speed Photography, Its Principles and Cameras. Chapter VII, Cinematographic Tech- 
This book attempts to acquaint the reader with Applications. Seorge A. Jones. New York, nique. Chapter VIII, Trace Recording Cameras. 
rs some of the principal techniques available. They John Wiley & Sons, Inc., 1952. 311 pp., figs., Chapter IX, Picture-Making Recording Cameras. 
are presented in an elementary manner and largely illus. $6.50. Chapter X, Scientific Applications of High Speed 
with the aid of examples worked out in minute This textbook is presented in an endeavor to Photography. Chapter XI, Industrial and Com- 
d detail. In order to provide a way around the summarize the fundamentals, the current prac- mercial Applications. 
il } multiplicity of procedures for numerical solutions, tice, and the scope of high-speed photography 
ne one chapter contains an elementary account, with It is directed to those engaged in research and de- 
. a minimum of mathematics, of a simple way to velopment and to those interested in modern 
d } solve equations numerically when no great accu methods of machine performance analysis. To PRODUCTION 
7 racy is needed. This discussion is detailed, and the keep the book within a reasonable size, only the 
= ideas recur in later chapters. Exercises, an ex- outlines of equipment design, technique, and How to Control Production Costs. Phil Car- 
on tensive bibliography, and name and subject in applications have been given, except in certain roll. New York, McGraw-Hill Book Company, 
ut dexes are included. Dr. Milne is head of the De- cases not already adequately covered in the litera- Inc., 1953. 272 pp., figs. $5.00. 
nd partment of Mathematics at Oregon State Col ture. For those requiring the full detail, exten- In showing step by step how to apply effective 
f lege and has been associated with the National sive bibliographic references are given at the ends control procedure, the author emphasizes five 
, Bureau of Standards Institute for Numerical of chapters. The references cited total close to factors: accurate sales forecasts; controlling pro- 
t Analysis. 500. Furthermore, the book contains 118 illus duction to know deliveries, to reduce inventory, 
he Contents: Part I, Ordinary Equations—Intro trations. Appendixes give technical information and to shorten the process cycle; saving excess 
G duction, Elementary Numerical Solution, Analyti dealing with high-speed cameras, gas-discharge finishes and tolerances; using incentives; and re- 
ii cal Foundations, Methods Based on Numerical flash tubes, and developers and an index of names porting results promptly. The first chapter deals 
integration, Methods of Runge-Kutta, Methods and subjects. Among the photographs reproduced with the necessity of control of production costs. 
18 Based on Higher Derivates, Systems of Equa- in this work are those issued by the Chief Super- The other 25 chapters describe in detail a means 
m tions, Higher-Order Equations, Two-Point Bound intendent of Armaments Research, Great Britain; of accomplishing control with diversified prod- 
} ary Conditions Part II, Partial Equations the N.A.C.A.; National Physical Laboratory of ucts. The author, who is a consulting industrial 
ili Explicit Methods, Parabolic and Hyperbolic Great Britian; National Research Council of engineer, has written this book for men in the 
wn Equations, Linear Equations and Matrices, Im Canada; The Royal Aircraft Establishment; and management group as well as for those in account- 
to plicit Methods, Elliptic Equations, Character the U.S. Army Office of Ordnance ing. 
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Personnel Opportunities 


Wanted 


Engineers 
exist in the Bureau of Aeronautics, Department 
of the Navy, Washington, D.C. Aircraft Modifi- 
cation Design Engineer—GS-12, $7,040 per 
annum Determine remedial measures for struc 


Opportunities — for employment 


tural failures of naval aircraft through analysis of 
accident and structural failure reports; initiate 
and follow through corrective actions and design 
Electronic Engineer (Radio) 
$7,040 per annum 


changes GS-12 


Plan, initiate, and supervise 


research, design, development, and tests and 
recommend engineering action concerning landing 
Electronic Engineer 


GS 12, $7,040 per annum 


aids for naval aircraft 
(Radio) 


for the planning and execution of a subprogram of 


Responsible 


research, development, and test projects in a part 
of the interference reduction field which deals 
mainly and directly with radio frequency cir 
General Engineer (Fuels, Lubricants, 
and Packaging)—GS-12, $7,040 per 


Initiation and planning of effective programs for 


cuitry 


annum 


Navy-Air Force Engineering standardization in 
the petroleum materials area. Determination of 
interservice needs, advisory duties to industry 
the preparation of basic engineering specifications 
and the promulgation of necessary standardiza 
Chemical GS-12, 


tion procedures Engineer 


$7,040 per annum. As section head, is responsible 


for the evaluation, and 


fuel addi 


and lubricants for reciprocating, turbojet 


development service 


application of fuels, internal coolants 
tives 
gas-turbine, ram-jet, and pulsating-jet aircraft 
Electronic Engineer (General) 


$7,040 per annum 


engines Gs-12 
Design and development of 
equipment and the prosecution of all activity per 
taining to automatic radio-frequency mid-course 
guidance equipment as applied to pilotless air 
Aeronautical Powei 


GS-12, $7,040 per 


craft and guided missiles 
Plant Research Engineer 


annum Development of general designs and 


Studies of reciprocating, turbojet, turboprop, ram 


and pulse-jet, and rocket engines to be used in sub 
sonic and supersonic land and carrier-based aircraft 


and guided missiles Requirements: 3!/2years of 


professional engineering experience in addition to 


degree Aircraft Performance Engineer (3.11 


$5,940 per annum. Make comprehensive investi 


gations and mathematical calculations of the per 


formance characteristics of aircraft Compile and 


issue performance charts for all types Naval Air 
craft Aeronautical Development Engineer ( Hy- 


drodynamics) —GS-11, $5,940 per annum. Under 


general supervision performs highly specialized 


aeronautical engineering work in the field of 


hydrodynamics in connection with design of 


naval aircraft; assists in model and full-scale re 


search and development projects hydro 


dynamics for improvement of seaplane operation 
Requirements: years of professional engineer 
ing experience in addition to degree Applica 


tions may be submitted on Standard Form 57 


Application for Federal Employment, to the 


Department of the Navy, Bureau of Aeronautics 
Attention PE-202, Washing 


The Standard Form 57 is available 


Personnel Division 
ton 25, D.C 
at U.S. Post Offices or may be obtained by writing 
to the Aero 


Visitors to the Washington area may call 


Personnel Division, Bureau of 


nautics 


at Room 3909 of the Main Navy 
and Constitution Ave., 


This section is for the use of individual members of the Institute seeking new connections and 
€ organizations offering employment to Aeronautical specialists. [ 
tion may have requirements listed without charge by writing to the Secretary of the Institute. 


Building, 19th 
N.W., Washington, D.C 
Associate Professor or Professor — Aeronautical 
Engineering Department has need of a qualified 


man to develop the graduate program Duties 


for 


AERODYNAMICISTS 
ENGINEERS 
PHYSICISTS 

MATHEMATICIANS 


on 


WRITE 


Excellent Positions Now Available 


Any member or organiza- 


include counseling and guidance of students 
working for the Master’s degree and the teaching 
of graduate and senior courses. Prefer a man 
with Ph.D. and training and experience which 
would qualify him to teach theoretical aerody 


namics, stability and control, high-speed aerody 


BELL AIRCRAFT'S 
AERODYNAMICS STAFF 


for Analysis and Research on: 


Performance — Stability — Heat Transfer 
Control and Maneuverability — Configuration Design 


Propulsion — Fluid Dynamics (all flow regimes) 


Diversified or specialized assignments on Missile and Aircraft pro- 


jects for qualified individuals with Bachelor's or Advanced Degrees. 


Excellent Salaries * Challenging Assignments 
Training and Tuition Assistance Programs 


Liberal Benefits * Long Range Opportunity 


ENGINEERING PERSONNEL 
P.O. BOX 1, BUFFALO 5, NEW YORK 
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mamics, and related subjects. Salary and rank 
dependent upon qualifications. Excellent re- 
search facilities. Wide interest in the graduate 
program on the part of employed in the large local 
aircraft industry Inquiries should be sent to: 
Professor M. H. Snyder, University of Wichita, 
Wichita, Kan. 


Aeronautical Design Engineer—GS-11, $5,940 
per annum. Duties: Technical supervision and 
coordination of Coast Guard aircraft acquisition, 
construction, and improvement program; prep 
aration, study, and evaluation of specifications; 
initiating changes in design to conform with needs 
of Coast Guard; resolution of engineering and 
production conflicts; correspondence and reports. 
Requirements: A full 4-year professional engi 
neering curriculum leading to a bachelor's degree 
in an accredited college or univiersity plus 2!/2 
years of aeronautical engineering experience that 
must have demonstrated a good knowledge of 


ENGINEERING 


engineering principles and the ability to perform 
engineering work under only general supervision 
Address replies to Chief, Civilian Personnel 
Division, U.S. Coast Guard, Room 3006, 1300 E 
Street, N.W., Washington 25, D.C 


Aeronautical Engineer-Teacher—The Test 
Pilot Training Division of the Naval Air Test 
Center has an opening requiring the services of a 
highly competent aeronautical development engi 
neer and teacher His work will include teaching 
approximately 1 hour a day, as well as work on 
development projects in the fields of performance 
and stability and control of 
Ample opportunities are provided 
for individual effort and original thinking. Work- 


Low cost Government 


transonic and super- 
sonic aircraft 


ing conditions are ideal 
housing is guaranteed. Present work week is 40 
hours, and salary is $7,040 per annum Civil 
Service rating GS-12. If you feel that you might 
be able to fill this job, please contact Mr. D. O 


REVIEW—MAY, 


missiles. 


ment on guided missiles. 


mechanisms desirable. 


missile development. 


junior scientists. 


Employee Benefits: Modern 


The Defence Research Board 


requires 
ENGINEERS AND PHYSICISTS 


The Defence Research Board of Canada requires Graduate Engineers 
who are either Canadian citizens or British subjects, for full time 
employment in Quebec, P.Q., in the following specialized fields:— 
Microwave & Electronics Engineer or Physicist 
years’ experience to carry out research and development on guided 
The applicant must have experience in planning and 
directing the work of junior scientists. 
Servo-Mechanisms Engineer—to carry out research and develop- 
Experience with electrical and electro- 
hydraulic servo system and with navigation equipment desirable. 
Electrical Engineer or Engineering Physicist 
electronic computation to carry out development work on aircraft 
fire control computers—basic knowledge of microwave and servo- 


Electrical Engineer or Engineering Physicist—to <lirect electronic 
designs and electronic systems production engineering for guided 
The applicant must have experience in 
electronic component testing and subminiaturization techniques, 
and must be capable of directing the work of junior scientists. 
Electronic Instrumentation Engineer—to carry out instrumenta- 
tion work on guided missiles—telemetering and range instru- 
mentation experience desirable. 
of planning and directing the work of junior scientists. 
Mechanical Engineers—with six to ten years’ experience to carry 
out design and development on armament systems. 
cants must have experience in planning and directing the work of 


Salary: Salaries will be commensurate with experience and qualifica- 
tions, but will not exceed about $9,000 per annum. 
well-equipped laboratories provide 
excellent facilities and working conditions for the individual scientist, 
and every opportunity is presented for advancement, a five-day week, 
and superannuation and hospital-medical insurance plans are in effect. 
Liberal provision is made for vacation and sick leave. 
Applicants may obtain application forms by writing t 

Post Office Box 1427, 

Quebec City, 

Quebec, Canada. 


with six to ten 


with experience in 


The applicant must be capable 


The appli- 


1953 


Dommasch, Chief Engineer, Test Pilot Training 
Division, Naval Air Test Center, Patuxent River, 
Md. Your letter should include a brief summary 
of your past experience Interviews will be 
arranged as necessary. 


Engineers—-The Special Devices Center, Port 
Washington, N.Y., is a field laboratory of the 
Office of Naval Research which conducts research 
and development relating to all manner of syn- 
thetic training devices including training aid 
calculators, demonstrators, research tools, and 
components thereof. Projects inciude arma 
ment, computers, flight, human engineering 
navigation, radar and communications, subsurface 
problems, visual design and training, and utiliza 
tion. Vacancies frequently recur for engineering 
personnel in the fields of electronics, mechanics 
and aeronautics Vacancies currently exist for 
Electronic Engineers at $5,058 per year rhe 
qualifications for these positions are an engineering 
degree and 18 months’ professional experience of 


which 6 must have been in electronics 


473. Technical Assistant to Sales Manager 
Metropolitan area manufacturer of AN parts 
offers excellent opportunity for upper-level liaison 
job with sales staff, requiring capacity to analyze 
industry problems and requirements with relation 
to manufacturer's products and to supervise de 
velopment of new parts to meet these require 
ments by manufacturer's engineering department 
Requires graduate Aeronautical Engineer with 
several years’ air-frame design experience, prefer 
ably in structures, as well as some additional ex 
perience in production engineering or liaison be 


tween design engineering and production 


471. Chief of Stress—Rotary-wing aircraft 
experience Responsibilities include static and 
dynamic analysis high-speed rotorcraft 
Minimum experience 5 years; knowledge of C.A.A 
Work on 
an expanding program with an established com 
pany; location Philadelphia area 


and Military requirements necessary 


470. Staff Aerodynamicist—Minimum B.S 
degree in aerodynamical engineering or physics 
Field aerodynamics including the ballistics of 
free-falling objects. Experience in carrying out 
experiments in wind tunnels, and experience in 
optimum shapes on guided missiles. Experience 
Minimum of 10 years in responsible position in 
volving research and development Duties 
Perform liaison work between other branches of a 
technical division. Coordinate data with back 
ground knowledge to perform critical analysis 
and evaluation of research and development pro 
gram 


468. Aircraft Estimato1.—Growing southwest 
air-frame manufacturer has opening for engineer 
with estimating experience. Minimum of 4 years 
aircraft experience is required, preferably in de 
tail and contract estimating. Engineering degree 
is desirable. Management potential is necessary. 
Examinations will be given to qualify applicants 
prior to hiring Excellent future possibilities 
Salary commensurate with qualifications 


467. Aeronautical Engineer—To act as proj 
ect engineer on wind-tunnel tests and develop 
ment contracts in a modern subsonic laboratory 
Operated by a large eastern university with facili 
ties for graduate work. Applicant should have 
Bachelor’s degree in Aeronautical Engineering 
and 1 or 2 years of aeronautical experience. Sal 
ary dependent upon background. 


The number preceding the notices 
represents the Box Number of the In- 
stitute of the Aeronautical Sciences to 


which inquiries should be addressed. 


| 
= 
| | 
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AERODYNAMICIST 


Staff Level Analysis and 
Evaluation Duties 


We will be satisfied if we get 
one response from this adver- 
tisement because there are not 
many individuals who... 


1. have an educational minimum 
of a B.S. Degree in aero- 
nautical engineering or phys- 
ics, 

2. are experienced in the ballis- 
tics of free-falling objects, 
experiments in wind tunnels 
or work on the optimum shape 
of guided missiles, 


3. have acquired at least ten 
years’ experience, 


4. are capable of performing 
top level liaison work within 
the project and with allied 
groups, 


orare... 


STAFF LEVEL 
PHYSICISTS WHO... 


1. have records of graduate 
academic work, 


2. have done development work 
in mechanics rather than nu- 
clear physics, 


3. have a minimum of five years 
in the direction of research 
and development, 

(Broad experience rather than 
intrinsic specialization is pref- 
erable.) 


4. are capable of performing 
top level liaison work within 
the project and with allied 
groups. 


If you can meet such qualifying 
requirements, write: 


THE RALPH M. PARSONS 
COMPANY 


BRADDOCK HEIGHTS, 
MARYLAND 


SENIOR AERONAUTICAL ENGINEERS 


If you have a B.S. or M.E. degree and good diversified experience in 
Airframe Design and Structures, the Harvey Machine Company has a 
challenge for you. 


The U.S. Air Forces Heavy Forging and Extrusion Presses are intended 
to broaden design horizons for aircraft of the future. 


Outstanding opportunities to advance new principles in the initial stages 
of design and in research and development interest men of vision. 


Let us tell you about them. 


HARVEY 


WRITE OR CONTACT luminum 


a division of HARVEY MACHINE CO., INC. 
19200 So. Western Ave., Torrance, Calif. 
TORRANCE 1501 @ NEVADA 6-2111 


essna | 
ENGINEERING || 
OPPORTUNITIES | 


with world’s leading producer of 


is offered for intelligent, imagina- 
tive engineers and scientists to join 
the staff of a progressive and self- 
sustaining, university-affiliated re- 
search and development labora- 
tory. We are desirous of ex- 
C) Aerodynamics panding our permanent staff in 
such fields as design studies of ad- 
vanced supersonic aircraft, ana- 


light commercial airplanes 


for 


e Design Engineers 


P Design Draftsmen lytical and experimental studies of 
aeroelasticity, helicopters, aircraft 
e Structures structures, control and stability, 
large scale wind tunnel testing, 
e Research and in various other applied 


research fields of aeronautics. 
Salary structure and bene- 
fit programs are on a par 


e Flutter and Vibration 


work on the design and develop- withindusiry. Inaddition, 
there are many tangible 

ment of lightcommercial airplanes, advantages, such as our 
self-sponsored internal re- 
helicopter and a twin jet trainer. search policy, of interest to 


men with ingenuity 


Send Resume To and initiative. 


EMPLOYMENT MANAGER 


| CORNELL AERONAUTICAL 


WICHITA 1, KANSAS 
| BUFFALO 21, NEW YORK 


| 

| 


AERONAUTICAL ENGINE 


JACK & HEINTZ NEEDS 


PROFESSIONAL 
ENGINEERS 


Leading manufacturer of electrical and mechanical 
devices for both government and commerical appli- 


cations now selecting engineers for: 


ROTATING ELECTRICAL EQUIPMENT—A-C or D-C 
ELECTRICAL and ELECTRONIC CONTROLS 
MECHANICAL, SERVO, HYDRAULIC or 
PNEUMATIC MECHANISMS 
HYDRAULIC or PNEUMATIC MOTORS, PUMPS, TURBINES 


ALSO SPECIALISTS IN: 


HEAT TRANSFER 
GEAR DESIGN 
STRESS and VIBRATION 
TRANSFORMER DESIGN 
PRODUCTION CO-ORDINATION 


Unusual opportunity to make fast progress and gain quick recogni- 
tion in an uncrowded industry. Exceptionally interesting, diversified 
work on a wide variety of projects. Company-furnished meals, 
insurance, hospitalization and medical care. Liberal vacation policy. 
Plant location Cleveland suburb, close to good residential areas. 
Outline experience and minimum salary requirements in’ letter. 
Write Dept. 3261-35. 


Jack & HEINTz, INC. 


CLEVELAND 1, OHIO 


LY, 1953 
Available 


474. Sales Engineer or Technical Field Repre- 
sentative --B.S., U.S. Naval Academy; 
California Institute of Technology. Inactive 
pilot with experience in all classes of naval air 
craft; 15 years’ pilot experience with total time 
1.000 hours. Familiar with military agencies 
establishments. Military requirements and 
sign experience. Will accept job with any f 
desiring West Coast representative. Free 
travel. Limited periods acceptable outside United 
States Age 42, single. 


472. Aeronautical or Mechanical Engineering 
Professor. -B.S. in A.E., M.S. in Avail 
able for September appointment in college or uni 
versity located in the South or Southwest Prin 
cipal fields of interest—aerodynamics, fluid 
mechanics and thermodynamics at either 
undergraduate or graduate level Opportunities 
for research should be available in the above 
helds 


409. Aeronautical Engineer —Ph I) 
fen years’ teaching experience and 
industrial experience Desires teaching 


tion 


466. Quality Control Executive——\I.E., age 
35 Iwo years’ high-level Air Force quality 
control experience and extremely diversified air 
craft engine and accessories background, including 
installation engineering, flight test, design, serv 
ice, and field contacts. Well versed in both the 
oretical and practical aspects of statistical analy 
sis as applied to quality control and in developing 
systems and techniques for quality assurance 
Well acquainted with military quality-control 
procedures and requirements. Desires responsible 
position in aircraft engine, air-frame, or related 
industry Complete résumé on request Avail 
able July | 


404. Design Engineer -B.S. in Aero. Engry 
Twelve years practical experience 9 pat 
ents desires opportunity to use inventive abil 


ity 


463. Aeronautical Engineer- Turkish engi 
neer, M.S. of Aero. E Age 34, unmarried, inter 
ested in returning to United States or Canada 
fen vears’ aerodynamic experience including | 
vear of confidential work in major United State 
aircraft manufacturing concern Five years of 
aerodynamic work leading to chief aerodynamicist 
position in Turkish aircraft factory United 
States experience includes work on jet bomber 
More than 2 years on faculty of principal Turkish 
technical university Delivered theoretical aero 
dynamics paper before 1952 International Me 
chanics Congress Prefers aerodynamic research 
in university Can present United States profe 


sional and character references 


462. Technical Wiiter— Aviation Consultant 
18 years’ experience All phases including plan 
ning, Operations, and maintenance, both private 
and air-line. Can set up factory, maintenance, or 
flight operations Majority of experience with 
aviation training facilities both flight and ground 
and air-line and private; consultations invited 
Successfully doing technical manuals, training 
manuals, and equipment manuals at home 
This saves the cost of man on hand at all times 
Not available to move from present position but 
inviting inquiries to do part-time work on above 
at home, 


RING REVIEW | 
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